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EXECUTIVE SUMMARY 

This Remedial Investigation / Feasibility Study 
(RIFS) summarizes the investigations, pilot 
treatability studies (PTSs), and removal actions 
performed on contaminated soil and 
groundwater at five sites at Fort Hunter Liggett 
(FHL), California. Activities performed to date 
at the sites include investigation of soil and 
groundwater, PTSs to evaluate various soil 
treatment technologies, and removal activities 
performed in conjunction with the PTSs. 

Remedial action objectives were formulated 
prior to performing remedial investigation 
activities to reduce risks to humans and the 
environment associated with contaminated soil 
and groundwater at each site, and to comply 
with applicable or relevant and appropriate 
requirements (ARARs). Remediation goals 
were used to assess fmal acceptable exposure 
levels and evaluate whether remedial action was 
necessary. These goals were based on 
established standards within the chemical- 
specific ARARs and an exposure analysis 
performed as part of a screening level risk 
assessment. Screening action level standards 
that were used provided protection within the 
risk range of 10-4 to 10-7. 

Remedial investigation and feasibility study 
activities were performed at the Existing Fire 

Drill Bum Pit (EBP), Site 8J (S8.9, Building 
290 Area (290), EXP 52/57 (EXP), and Former 
PX Facility (OPX) from 1989 to 1998. Several 
phases of soil and groundwater remedial 
investigations were performed at the five sites. 
Human and ecological risk analyses were 
performed at each site along with biological 
resource studies. Analytical results were 
screened against screening action levels to 
assess the nature and extent of contamination to 
soil and groundwater. 

Based on the results of this evaluation, it was 
assessed that remedial actions would be 
required. Pilot treatability studies were 
performed at four of the five sites to evaluate 
the feasibility of several onsite treatment 
technologies (i.e., low temperature thermal 
desorption, asphalt stabilization, soil vapor 
extraction, and biodegradation) to treat 
contaminated soil. 

After treatability studies were completed, site 
conditions were compared to no further action 
criteria developed to assess whether further 
remediai action was necessary. At all sites, no 
further action was proposed. Regulatory 
agencies approved no further action at all sites. 
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1.0 INTRODUCTION 

This Remedial Investigation / Feasibility Study 
(RIiFS) report was prepared by Harding Lawson 
Associates (HLA) on behalf of the 
US.  Department of the Army, Sacramento 
District Corps of Engineers (COE) pursuant to 
Contract DACA 3 1-94-D-0069, Deliver Order 
07. This report summarizes remedial 
investigations, pilot treatability studies (PTSs) 
and associated removal actions for each of the 
five sites and presents the rationale for closure 
of the sites at Fort Hunter Liggett (FHL), an 
active military base in Monterey County, 
California (Plate 1). 

The five sites include two areas that contain 
units regulated under the Resource Conservation 
and Recovery Act (RCRA), one potentially 
contaminated sites (PCS), and two underground 
storage tank (UST) sites as follows: 

0 Existing Fire Drill Burn Pit (EBP; PCS) 

Site 8J (S8J; RCRA) 

0 Building 290 Area (290; RCRA) 

0 Building EXP 52/57 ( E m ,  UST) 

0 Former PX Facility (OPX, UST). 

Locations of the sites are shown on Plate 2. 

5.5 Purpose and Objectives 

The purpose of this RVFS for each of the five 
sites is to: 

1. Summarize the history of the nature and 
extent of contamination to date at each site, 

2. Summarize current site conditions, and 

3. Screen current site conditions against no 
further action criteria (based on potential 
risks to human health and the environment 
and regulatory requirements) to assess 

whether further remedial action is necessary 
at the five sites. 

1.2 Report Organization 

Section 2 -Presents background information on 
FHL. 

Section 3 -Discusses remedial action goals and 
applicable or relevant and appropriate 
requirements (ARARs). 

Section 4 - Summarizes the results of remedial 
investigations, risk assessments for the five 
sites, pilot treatability studies performed for 
each site, and screens current site conditions 
against no further action criteria. 

Section 5 - Summary and conclusions. 

Section 6 -Provides a list of references. 

Avvendix A - Contains the risk assessment 
performed as part of the Investigation of Eight 
Sites (HU, 199.5~) as well as an update to this 
risk assessment using data collected after 1993. 

Avvendix B -Contains the background study 
performed as part of the Investigation of Eight 
Sites (HLA, 1995~). 

Avvendix C - Contains the biological resource 
study performed as part of the Investigation of 
Eight Sites (HLA, 199.5~). 

Av~endix D - Contains information that can be 
used to prepare a CEQA checklist. 

Avvendix E - Contains FHL's response to 
DTSC and RWQCB comments. 

Avvendix F - Contains regulatory closure 
letters. 
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2.0 SITE BACKGROUND 

2.1 Regulatory Status documentation that RCRA-permitted areas have 
met clean-closure criteria. The following 

Prior to 1999, FHL was classified as an interim summarizes correspondence between FHL and 
treatment, storage, and disposal (TSD) facility regulatory agencies regarding this 
as defined by state and federal hazardous waste correspondence for each of the five sites: 
management programs because of former 
hazardous waste management activities EBP 
conducted at RCRA-permitted units at the 
facility. FHL formerly operated two areas - 
(Building 290 and Site 8J) where RCRA units 
operated under a RCRA Part A permit. These 
areas are no longer in operation and have 
received clean-closure approval from the 
Califomia Environmental Protection Agency - 
(Cal/EPA) Department of Toxic Substances 
Control (DTSC), the agency in charge of issuing 
and regulating RCRA permits in Califomia. 
FHL has requested and received approval from 
the Permitting Branch of DTSC to operate as a - 
generator rather than a TSD facility. 

In 1995, DTSC sent FHL a letter stating that 
DTSC would he the lead agency for all 85 

environmental activities at FHL (DTSC, 1995). 
Subsequently, FHL has held monthly status 
meetings with regulatory agencies, and has 
worked in partnership with them to investigate 
and cleanup sites where soil andor groundwater 
has been impacted by facility operations. - 
Although DTSC has sewed as the lead agency, 
they have given the CaUEPA Regional Water 
Quality Control Board, Central Coast Region 
(RWQCB) regulatory jurisdiction regarding - 
water quality issues, and the Monterey County 
Department of Health, Environmental Branch 
(MCDOH) and RWQCB regulatory jurisdiction 
over closure of fuel underground storage tank - 
(UST) sites. 

Since 1989, several phases of remedial - 
investigation and feasibility studies have been 
performed at the five sites under the regulatory 
oversight of DTSC. Based on these activities, 
FHL has submitted either a recommendation for 
no further action letter to DTSC, or 

A recommendation for no further action 
at the Existing Fire Drill Bum Pit was 
submitted to the regulatory agencies 
(HLA, 1997~; 19984 

RWQCB concurrence for no further 
action on groundwater issues at the 
Existing Fire Drill Bum Pit was 
obtained in 1998 (RWQCB, 19983) 

DTSC concurrence for no further action 
at the Existing Fire Drill Bum Pit is 
pending. 

Final RCRA Closure Certification 
Report for Site 8J was submitted to the 
re&latory agencies in 1997 (HLA, 
I997e) 

A recommendation for no further water 
quality action was submitted in 1997 for 
Site 8J (HLA, 1997~) 

RWQCB approval that no further water 
quality related actions are necessary 
(RWQCB, ,1997~) 

RWQCB approved Final Closure 
Certification Report (RWQCB, 1997~) 

DTSC approved clean-closure of the 
two RCRA permitted sites (DTSC, 
1998b) 
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Site Backaround 

- Final RCRA Closure Certification 
Report for RCRA-permitted sites at 
Building 290 was submitted to the 
regulatory agencies in 1997 (HLA, 
1997e) 

- A recommendation for no further action 
was submitted in 1997 at Building 290 
(HLA, 1 9 9 7 ~ 3  

- DTSC approved that no further water 
quality related actions are necessary 
(DTSC, 1997b) 

- RWQCB concurrence that no further 
water quality related actions are 
necessary (RWQCB, 1997a,e) 

- RWQCB approved Final Closure 
Certification Report (RWQCB, 1997~) 

- DTSC approved clean-closure of the 
two RCRA permitted sites (DTSC, 

EXP 

- A recommendation for no further action 
at Building EXP 52/57 was submitted to 
the regulatory agencies in 1997 (HLA, 
1997a,g) 

- RWQCB concurrence that no further 
water quality related actions are 
necessary (RWQCB, 19974 

- DTSC concurrence was obtained for no 
further action at Building EXP 52/57 in 
1997 (DTSC, 19970) 

OPX 

- A request for closure of the soil vapor 
extraction system at the former PX 
Facility was submitted in 1996 (HLA, 
1996b) 

DTSC concurrence for soil vapor 
extraction closure was obtained in 1996 
(DTSC, l996a, b)  

A recommendation for no further water 
quality related action was submitted in 
1998 for the former PX Facility (HLA, 
1997a; 1998b.e) 

RWQCB concurrence was obtained for 
no further water quality related issues at 
the former PX Facility in 1998 
(RWQCB, I998a) 

MCDOH approval to close OPX in 
1998 (MCDOH, 1998) 

Site Description 

FHL comprises approximately 165,000 acres in 
the coastal mountains of Monterey County, 
California, approximately 17 miles southwest of 
King City (Plate 1). Developed areas of FHL 
include offices, barracks, motor pools, and 
instrument fabrication and testing facilities. 
These facilities are primarily in the Main 
Garrison area in the north-central portion of 
FHL. Most of FHL. comprises undeveloped 
alluvial valleys and moderately hilly to rugged 
mountain terrain vegetated by annual grassland, 
oak woodland, riparian woodland, and ruderal 
plant communities. 

2.3 Site History 

FHL occupies property that was purchased by 
the United States government in 1941 in 
conjunction with land that is now part of the 
Los Padres National Forest. In 1946, the 
Department of the Interior divided the land and 
assigned the western parcel to the US. Forest 
Service and the eastern portion to the Army, 
which established Camp Hunter Liggett. 
Military operations were expanded in 1975 and 
the land was designated Fort Hunter Liggett, a 
Class I subinstallation of Fort Ord (now a 
subinstallation of Fort McCoy). Primary use of 
FHL by the Army has been for field training 
exercises and weapons and equipment testing. 
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Site Backsround 

Currently, FHL is used for field training only. 
Portions of FHL are leased to ranchers for 
livestock grazing. FHL also permits public 
hunting of game animals on weekends from July 
through March (EA, 1992). 

2.4 Previous Investigations 

Multi-phased investigations were conducted at 
the five sites to characterize the nature and 
extent of potential contamination. Results for 
site-specific investigations are presented in 
Section 3.0. The primary investigation of the 
five sites was under taken as part of a site 
characterization study performed in 1993 and 
1994 and reported in a five volume report, 
Investigation of Eight Sites, Fort Hunter 
Liggett, California dated March 1995 that 
included: 

1. An assessment of risks to human health or 
the environment (reproduced in 
Appendix A) 

2. A background study to estimate naturally 
occurring metals concentrations (reproduced 
in Appendix B), and 

3. An assessment of biological resources 
(reproduced in Appendix C). 

The RWQCB approved the Investigation of 
Eight Sites in 1996 (RWQCB, 1996~). 
Subsequent to the Investigation of Eight Sites, 
an update on the risk assessment was performed 
using data collected since 1994. This update is 
included in Appendix A. 

As the nature and extent of contamination were 
characterized during site investigation activities, 
the need was recognized for treatability data for 
evaluation and selection of appropriate remedial 
technologies to be included in a feasibility study 
(FS). FHL is a remote site, and it was believed 
that onsite treatment technologies would be cost 
effective and more easily implemented than 
offsite disposal of contaminated soil. 
Performance of a treatability study is allowed 
under Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) 
guidance for conducting remedial investigations 
and feasibility studies (U.S. EPA, 1988). 

In 1995, several pilot treatability studies were 
performed where contaminated soil from four of 
the sites (EBP, 290, EXP, and OPX) was treated 
in a series of Pilot Treatability Studies (F'TSs) to 
evaluate the implementability and effectiveness 
of removing petroleum hydrocarbons from the 
soil. The PTSs utilized the following 
technologies: biodegradation, low temperature 
thermal desorption (LTTD), asphalt emulsion 
stabilization (AS), and soil vapor extraction 
(SVE). At sites where PTS were performed, 
most of the contaminated soil was removed and 
effectively treated. Subsequent groundwater 
monitoring showed that no further water quality 
activities were required. Methodology and 
results of the PTSs were presented in Technical 
Memorandum PTS-10, Pilot Treatability 
Studies, Fort Hunter Liggett, Califonia dated 
April 1997. The RWQCB approved 
recommendations in the PTS report in 1997 
(RWQCB, 1997b). 
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3.0 REMEDIAL ACTION OBJECTIVES 

This section presents remedial action objectives 
that were used to conduct remedial 
investigations and PTSs. Remedial action 
objectives consist of media-specific goals for 
protecting human health and the environment. 
The primary objectives for developing remedial 
action objectives are to reduce risks to humans 
and the environment associated with 
contaminated soil and groundwater at each site, 
and to comply with applicabie or relevant and 
appropriate requirements (ARARs). These 
media-specific goals were used during remedial 
investigations and treatability studies to assess 
whether investigative or remedial activities were 
required. 

3.1 Applicable or Relevant 
and Appropriate 
Requirements 

Under CERCLA, remedial actions must be 
protective of human health and the environment 
and comply with federal or more stringent state 
ARARs, unless waived. Promulgated 
requirements are "laws imposed by state 
legislative bodies and reguiations developed by 
state agencies that are of general applicability 
and are legally enforceable." Formally 
promulgated and consistently applied state or 
federal policies have the same weight as specific 
standards. Advisories and policy or guidance 
documents (to-be-considered requirements, or 
TBCs) issued by federal or state agencies that 
are not legally binding are not considered to be 
ARARs but may be included as performance 
standards if selected in the Record of Decision 
(ROD). 

ARARs are identified for each remedial action 
proposed in an FS. ARARs are chemical-, 
location-, and action-specific requirements, as 
discussed below. Chemical-specific ARARs are 
identified and used to develop cleanup goals. 
However, when ARARs are not available, more 
stringent cleanup goals are established such that 

residual health risks after remediation fall 
within acceptable ranges. 

3.1.1 Definition of ARARs 

Guidance issued by the EPA (7I.S. EPA, 1988) 
defmes ARARs as follows: 

Applicable requirements are those cleanup 
standards, standards of control, and other 
substantive environmental protection 
requirements, criteria, or limitations 
promulgated under federal or state law that 
specifically address a hazardous substance, 
pollutant, contaminant, remedial action, 
location, or other circumstance at a 
CERCLA site. 

Relevant and appropriate requirements are 
those cleanup standards, standards of 
control, and other substantive environmental 
protection requirements, criteria, or 
limitations promulgated under federal or 
state law that, while not applicable to a 
hazardous substance, pollutant, 
contaminant, remedial action, location, or 
other circumstance at a CERCLA site, 
address problems or situations sufficiently 
similar to those encountered at a CERCLA 
site that their use is well suited to a 
particular site. The relevance and 
appropriateness of a requirement are judged 
by comparing the factors addressed to the 
characteristics of the remedial action, the 
hazardous substance(s) in question, and the 
physical characteristics of the site. The 
origin and objective of the requirements 
may aid in determining its relevance and 
appropriateness. Although relevant and 
appropriate requirements must be complied 
with to the same degree as applicable 
requirements, more discretion is allowed in 
determining which part of a requirement is 
relevant and appropriate. 
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TBCs, the final class of requirements 
considered by EPA during the development 
of ARARs, are nonpromulgated advisories 
or guidance documents issued by federal or 
state governments. They do not have the 
status of ARARs but may be considered in 
determining the necessary cleanup levels or 
actions to protect human health and the 
environment. 

The following three categories of ARARs are 
defined by EPA (U.S. EPA, 1988): 

Ambient or chemical-specific requirements 
that set health- or risk-based concentration 
limits or ranges for particular chemicals 
(e.g., National Ambient Air Quality 
Standards) 

Location-specific requirements pertaining to 
restrictions placed on concentrations of 
hazardous substances or remedial activities 
(e.g., federal and state laws governing the 
siting of hazardous waste facilities) 

Performance-, design-, or action-specific 
requirements that govern particular 
activities with respect to remedial actions 
taken for hazardous wastes (e.g., hazardous 
wastes generated onsite must be properly 
managed according to federal and state 
law). 

If ARARs are not available for a particular 
chemical or situation or if ARARs are not 
sufficient to protect human health and the 
environment, critical toxicity factors such as 
EPA-established reference doses or cancer 
potency factors may be used to estimate risk- 
based remediation goals consistent with EPA 
guidance, to ensure that a remedial action is 
protective of human health and the environment. 

3.1.2 Identification of ARARs 

To identify the possible ARARs and TBCs for 
remedial actions at Fort Hunter Liggett; federal, 
state, and local statutes, regulations, and 
guidance were considered. In the following 

sections, potential ARARs and TBCs are 
identified for soil and groundwater. The 
chemical-specific, location-specific, and 
action-specific requirements are discussed 
below. 

The risk assessment process carried out at FHL 
complies with the requirements for definition of 
media cleanup standards contained in 40 CFR 
264.5 et seq. and in Title 23, CCR, Chapter 15. 
The risk assessment provided a quantitative 
estimate of risk from chemicals of potential 
concern (COPCs) in soil and groundwater at 
each of the five sites evaluated as summarized 
in Section 3. 

Chernical-Specific Requirements 

Central Coast Region Basin Water Oualitv 
Control Plan (Basin Plan). Central Coast 
RWOCB: The Basin Plan establishes criteria 
for groundwater to be considered a drinking 
water source. The Plan (Resolution No. 89-04, 
dated November 17, 1989; (amended February, 
1994) also contains requirements for 
implementation plans or action plans for 
attaining compliance with these standards. The 
requirements of the Basin Plan are applicable to 
groundwater remediation activities. Each 
Regional Board promulgates and administers a 
Water Quality Control Plan for ground and 
surface water basin(s) within its region. The 
State Board also promulgates statewide water 
quality control plans that the regional boards 
administer. The Plans establish water quality 
standards (including beneficial use designations, 
water quality objectives to protect these uses, 
and implementation programs to meet the 
objectives) that apply statewide or to specific 
water basins. 

Portions of the Basin Plan are ARARs. The 
Basin Plan classifies groundwater based on 
beneficial uses. This classification is based on 
"data collected by the local agencies andlor 
dischargers regarding the quality and use of 
waters in their vicinity." Groundwater at the 
sites is considered a potential drinking water 
source. 
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National Primarv Drinking Water Standards: 
These regulations, promulgated under the Safe 
Drinking Water Act and found at 40 Code of 
Federal Regulations (CFR) Part 141, establish 
maximum contaminant levels (MCLs) 
permissible for a public water system. 
Drinking-water maximum contaminated level 
goals (MCLGs) have also been promulgated 
under the SDWA. MCLGs above zero are 
considered chemical-specific ARARs under the 
NCP (40 CFR 300.430[e][2][i][B]). When 
MCLGs are equal to zero (which is generally 
the case for any chemical considered to be a 
carcinogen), the MCL is considered to be a 
chemical-specific ARAR, instead of the MCLG 
(40 CFR 300.430[e][2][i][C]). These 
requirements are considered relevant and 
appropriate. 

State Primarv Drinking Water Standards: In 
California Code of Regulations (CCR) Title 22, 
Chapter 15, ~alifornia's prim&drinking water 
standards establish enforceable limits for 
chemicals that may affect public health or the 
aesthetic qualities of drinking water. However, 
only those State requirements that are more 
stringent than federal standards are ARARs. 

Identification and Listing of Hazardous Waste: 
22 CCR, Division 4.5, Chapter 11 
establishesldefines procedures and criteria for 
identification and listing of Resource 
Conservation Recovery Act (RCRA) and 
non-RCRA hazardous wastes. Chemicals 
regulated as hazardous waste, md the levels at 
which they are hazardous, are identified in these 
regulations. Groundwater that is removed for 
treatment or disposal or contaminants removed 
during treatment and stored onsite may become 
a characteristic waste under the federal 
hazardous waste program (RCRA), which is 
now regulated by the State of California. Listed 
and characteristic hazardous wastes are 
identified and defined in 22 CCR, Division 4.5, 
Chapter 11. Any hazardous concentrations of 
contaminants in soil and groundwater would be 
stored, handled, transported, and disposed in 
compliance with this ARAR. 

National Primarv and Secondarv Ambient Air 
Oualitv Standards (NAAOS): The federal Clean 
Air Act, Section 109,42 USCA 7401-7642 
defmes National Primary and Secondary 
Ambient Air Quality Standards (NAAQS), 
which are listed in 40 CFR 150. Under certain 
circumstances, these may be applicable; 
however, the Monterey Bay Unified Air 
Pollution Control District (ME3UAPCD) 
requirements are applicable because they are 
more stringent. If a treatment method is 
selected that produces emissions, it would be 
permitted in compliance with this ARAR. 

Monterev Bay Unified Air Pollution Control 
District (MBUAPCD): The MBUAPCD 
regulates new sources (Regulation 11) and toxic 
air contaminants, (Regulation X, Rule 207), and 
restricts specific discharges of organic 
compounds to the atmosphere through remedial 
actions (such as fugitive odors from 
consolidation of waste and removal of organic 
compounds from groundwater) in accordance 
with Regulation X. The MBUAPCD 
requirements may limit emissions of total and 
individual organic compounds on a site-specific 
basis and/or may require emission controls. If a 
treatment method is selected that produces 
emissions, it would be permitted in compliance 
with this ARAR. 

Under Rule 207, emissions of most individual 
organic compounds are generally restricted to 
25 pounds per day using Best Available Control 
Technology (BACT). In addition, the 
MBUAPCD regulates releases of certain 
identified or potential air toxics at levels 
determined to be "appropriate for review." In 
some cases, a risk assessment may be required. 
The MBUAPCD requirements are potential 
ARARs for treatment by methods that may 
generate emissions; actions will be taken to 
ensure compliance with this ARAR, and 
emissions are anticipated to be minimal. 

Location-Specifk Requirements 

Standards for the Management of Wastes 
Discharged to Land: This title establishes 
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standards for the management of waste 
discharged to land. Title 23 CCR, Division 3, 
Chapter 15, Article 2 (Waste Classification and 
Management), Section 251 1(d) provides 
exemptions to these requirements for cleanups 
taken at the direction of public agencies, as long 
as requirements of Article 2 are met for waste 
that is removed from the point of release under 
any remedial alternatives and disposed 
untreated. 

National Archeological and Historic 
Preservation Act: 36 CFR Part 65 states that 
remedial actions that may cause irreparable 
harm, loss, or destruction of significant artifacts 
are restricted under the National Historical 
Preservation Act (I6 U.S.C. 469). The law 
requires action to recover and preserve such 
artifacts. The sites are not known to be located 
within a historically significant area. 

Endangered Species Act of 1973: The 
Endangered Species Act of 1973 
(16 U.S.C. 1531 et seq.) requires action to 
conserve endangered species and preserve or 
restore a critical habitat upon which they 
depend. The sites are not known to provide 
critical habitat for endangered species. 

Caiifornia Endangered Soecies Act: Fish and 
Game Code, Section 2050 et seq. provides for 
the recognition and protection of rare, 
threatened and endangered species of plant and 
animals (in conjunction with state authorized or 
funded actions). The sites are not known to 
provide critical habitat for state endangered 
species. 

The Fish and Wildlife Coordination Act: This 
act, 16 U.S.C. 661 et seq., requires fish and 
wildlife to be protected if remedial actions 
modify the drainage channel or other features of 
the stream or river. This ARAR will be 
complied with if actions are taken near a stream 
or river. 

Action-Specific Requirements 

Waste identified or generated during remedial 
activities were managed according to the 
following regulations. 

Standards for Owners and Ooerators of 
Hazardous Waste Treatment. Storage, and 
Disoosal Facilities: 

Title 22 CCR, Chapter 14, Use and 
Management of Containers; Article 9, 
Sections 66264.171 - 178. Establishes 
requirements for the use of containers to 
store hazardous waste. Applicable if 
excavated soil or decontamination water 
subsequently characterized as hazardous 
may be stored in containers onsite. 
Appropriate actions will be taken to comply 
with such requirements. 

Title 22 CCR, Section 66171; Condition of 
Containers. Containers for hazardous waste 
must be maintained in good condition. 
Applicable if excavated soil or 
decontamination water subsequently 
characterized as hazardous may be stored in 
containers onsite. Appropriate actions will 
be taken to comply with such requirements. 

Title 22 CCR, Section 66172; Compatibility 
of Waste in Containers. Containers for 
hazardous waste must be compatible with 
the wastes stored in them. Applicable if 
excavated soil or decontamination water 
subsequently characterized as hazardous 
may be stored in containers onsite. 
Appropriate actions will he taken to comply 
with such requirements. 

Title 22 CCR, Section 66173; Management 
of Containers. Containers holding 
hazardous waste must be closed during 
storage except when necessary to add or 
remove waste. Applicable if excavated soil 
or decontamination water subsequently 
characterized as hazardous are stored in 
containers onsite. Appropriate actions will 
be taken to comply with such requirements. 
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Hazardous materials storage will be isolated 
and able to maintain control of incidental 
spills or leaks. 

Title 22 CCR, Section 66174; Inspections. 
Containers and container storage areas must 
be inspected weekly for leaks or 
deterioration. Applicable if excavated soil 
or decontamination water subsequently 
characterized as hazardous are stored in 
containers onsite. Appropriate actions will 
be taken to comply with such requirements. 

0 Title 22 CCR, Section 66175; Containment. 
Container storage areas must be designed 
according to the requirements of this 
section. Applicable if excavated soil or 
decontamination water subsequently 
characterized as hazardous are stored in 
containers onsite. Appropriate actions will 
be taken to comply with such requirements. 

0 Title 22 CCR, Section 66178; Closure. At 
closure, all hazardous waste and waste 
residues must be removed and remaining 
containment structures decontaminated. 
Applicable if excavated soil or 
decontamination water subsequently 
characterized as hazardous are stored. 
Appropriate actions will be taken to comply 
with such requirements. 

Title 22 CCR, Chapter 14, Article 2, 
Section 66264.14, Public Access 
Restrictions. Owners and operators of 
hazardous waste treatment, storage, or 
disposal (TSD) facilities must prevent the 
unknowing entry of persons or livestock 
onto the active portions of the facility; in 
addition, warning signs must be posted. 
Relevant and appropriate if excavated soil is 
hazardous and it is treated, stored, or 
disposed onsite; areas will be restricted 
from public access. 

Title 22 CCR, Cbapter 14, Article 7, 
Section 66264.1 19; Post Closure Notices. 
Under this requirement, a restriction is 
placed on the deed that contains future uses 

of the property. Remedial measures in 
which hazardous levels of chemical 
constituents remain in place may be subject 
to these regulations. 

Title 22 CCR, Chapter 14, Article 16, 
Section 66264.601; Miscellaneous Units. 
These regulations apply to facilities that 
treat, store, or dispose of hazardous waste in 
miscellaneous units. Owners and operators 
of TSDs at which hazardous waste is stored 
in miscellaneous units must locate, design, 
construct, operate, maintain, and close those 
units in a manner that is protective of 
human health and the environment. This 
ARAR will be complied with if 
miscellaneous units are established. 

Standards Auulicable to Generators of 
Hazardous Waste: Establishes standards for 
generators of hazardous waste under Title 22, 
CCR, Chapter 12. Applicable if hazardous 
waste is generated; the substantive portions of 
these regulations will apply and be complied 
with. 

Land Disuosal Restrictions: Title 22 CCR, 
Chapter 18 prohibits land disposal of specified 
untreated hazardous wastes and provides special 
requirements for handling such wastes. It 
requires laboratory analysis of wastes intended 
for landfill disposal to establish that the waste is 
not restricted from landfill disposal. Applicable 
if listed or characteristic hazardous wastes exist; 
they may be subject to these regulations if they 
are disposed offsite. 

Resolution No. 88-63 (Porter Cologne Act): 
This resolution specifies that all ground and 
surface water is an existing or potential source 
of drinking water unless TDS are greater than 
3,000 ppm, the well yield is less than 
200 gallons per day from a single well, or the 
groundwater is unreasonable to treat using best 
management practices or best economically 
achievable treatment practices. This resolution 
is applicable. The resolution can be used to 
establish a general criteria for designating water 
use. Groundwater in the aquifer beneath the 
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sites is not currently used for drinking water; 
however, the aquifer is a potential drinking 
source. 

Resolution Number 92-49 Porter Cologne Act): 
This resolution establishes policies and 
procedures for the investigation, cleanup, and 
abatement of waste. This provision states that 
cleanup goals attain the best water quality which 
is reasonable if background levels cannot he 
restored. Groundwater will be evaluated for 
remediation to attain the highest water quality 
that is reasonable, considering: all demands 
being made and to be made on those waters, and 
the total values involved; beneficial, 
detrimental, economic, social, tangible, and 
intangible. If groundwater treatment is 
implemented, the best control technology to 
treat groundwater prior to discharge will be 
used. 

Under 92-49, dischargers are required to 
cleanup and abate the effects of discharges in a 
manner that promotes attainment of either 
background water quality, or the best water 
quality which is reasonable if background levels 
of water quality cannot be restored, considering 
all the demands being made and to be made on 
those waters and the total values involved, 
beneficial and detrimental, economic and social, 
tangible and intangible. This resolution requires 
the application of Title 23 CCR, Division 3, 
Chapter 15, Section 2550.4 (Chapter 15) 
requirements to cleanups. In Chapter 15, 
cleanup levels must be set at background levels, 
or if background levels are not technologically 
or economically feasible, then at the lowest 
levels that are technologically or economically 
achievable. 

Resolution Number 68-16 (Porter Cologne Act): 
This resolution establishes goals for the 
maintenance of existing groundwater quality. 
Also requires best practical control technology 
for discharges to high quality water, excluding 
reinjection of water into contaminated 
groundwater plume, a discharge to high quality 
waters of the state occurs. Resolution 68-16 is 
not a 'zero discharge' standard but rather a 

statement that existing quality be maintained 
when it is reasonable to do so. Specifically, 
where any activities result in discharges to high 
quality waters, dischargers shall use the best 
practicable treatment or control of the discharge 
necessary to avoid pollution or nuisance and to 
maintain water quality consistent with 
maximum benefit to the people of the State. 

Federal Safe Drinking Water Act - Undermound 
Iniection Control (UIC): 40 CFR 144 prohibits 
injection of contaminated water into or above a 
drinking water formation. Exempts injection of 
treated groundwater into the source aquifer for 
the purpose of the aquifer cleanup. If 
groundwater is treated and injected into the 
aquifer, it must not contain chemical 
concentrations above MCLs. 

Federal Safe Drinking Water Act - National 
Pollutant Discharge Elimination Svstem 
(NF'DES'): 40 CFR 122 establishes permitting 
standards for discharge of pollutants from any 
point source into waters of the United States. If 
groundwater is treated and discharged, effluent 
limitations and monitoring of an NPDES permit 
will he followed. 

Federal Safe Drinking Water Act - Publicly 
Owned Treabnent Work (POTW): Regulation 
40 CFR Part 403-5 allows municipalities to 
determine pretreatment standards for POTWs 
within its jurisdiction. These standards are 
ARARs only if treated or untreated groundwater 
is discharged to a POTW. These standards wilt 
be followed if discharge to a P O W  occurs. 

California Toxic Iniection Well Act: CA H&S 
Code Section 25 159.24[a] prohibits injection of 
contaminated water into or above a drinking 
water formation. Exempts injection of treated 
groundwater for the purpose of improving 
groundwater quality to aidaccelerate the 
remediation process. 

Water Well Standards. Califomia De~artment of 
Water Resources is a (Bulletin 74-81) TBC that 
sets standards for construction or destruction of 
water wells in the state. Construction of 
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groundwater wells may be subject to these 
requirements. Because these standards are not 
promulgated, they have been identified as a 
TBC and are applicable for new groundwater 
extraction and injection wells. 

3.2 Soil and Groundwater 
Remediation Goals 

Soil and groundwater remediation goals were 
established based upon the following chemical- 
and action-specific ARARs presented in Section 
3.1. Based on these requirements, remedial 
action goals were established. These goals were 
based on established standards within the 
chemical-specific ARARs and performance of 
an exposure analysis as part of a screening level 
risk assessment. Screening action level 
standards that were used provide protection 
within the risk range of 10-4 to 10-7. Human 
and ecological screening risk assessments were 
performed at several of the sites to assess 
expected exposure pathways for human and 
ecological receptors. Both the screening action 
levels and the risk assessment were used to 
assess final acceptable exposure levels and 
evaluate whether remedial action was necessary. 

3.2.1 Soil Screening Action 
Levels 

This section describes what screening action 
levels were used and how COPCs in soil and 
groundwater were compared against these 
levels. Monterey County, California, and 
federal standards were used to screen analytical 
data collected from areas of concern to assess 
potential risks. To distinguish naturally 
occurring (i.e., background) metals 
concentrations in soil from those related to site 
usage, a background study was performed for 
three geological settings at FHL (Appendix B) 
(HLA, 1995~). 

Risk-based U.S. Environmental Protection 
Agency (EPA) Region IX preliminary cleanup 
goals (PRGs) (U.S. EPA, 1998) were used as the 
primary criteria to assess whether chemicals of 
potential concern (COPCs) were present in soil. 

Prior to the availability of PRGs in 1996, the 
site-specific human health risk assessment was 
used to assess COPCs in soil. Where future use 
of the site was not known, detected chemical 
concentrations were compared to PRGs for both 
residential and industrial receptors. When 
detected concentrations of target analytes did 
not exceed residential and industrial PRGS, 
residual concentrations in soil were regarded as - 
satisfying the criteria for no further action. 

If metals exceeded PRGs, they were first 
compared to site-specific background threshold 
values (when applicable) to assess if they are 
naturally occurring. Background concentrations 
for Title 22 Metals were statistically derived 
from three background data sets comprising soil 
samples collected from three geologic settings 
at FHL (HLA, 1995~). If detected metal 
concentrations were less than, equal to, or 
slightly exceeded background, then metals in 
soil were considered to meet criteria for no 
further action. If metals exceeded background 
concentrations, they were then screened against 
PRGs. 

It should be noted that the background threshold 
values that were used to assess whether metals 
concentrations in soil were naturally occurring 
were used only as a screening assessment tool 
because a complete site-specific background 
study was not performed at each of the five 
sites. Threshold values from one of the three 
geologic settings were selected for use at each 
of the five sites based on similarity in geologic 
setting. In some cases, the geologic setting at a 
particular site did not correlate well to one of 
the three settings used in the background study. 
For example, at the EBP, bedrock was 
encountered below 10 feet. There were no 
samples collected from this formation in the 
background study, and therefore, background 
threshold values could not be used for samples 
collected from this formation. 

Because there are no PRGs for total petroleum 
hydrocarbons in soil, the MCDOH cleanup level 
of 100 milligrams per kilogram (mglkg) was 
used as a screening level (MCDOH; 1993). 
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When the MCDOH level was exceeded, the 
detected concentrations of the more toxic 
constituents of petroleum hydrocarbons, 
polynuclear aromatic hydrocarbons (PANS) and 
benzene, toluene, ethylbenzene, and xylenes 
(BTEX), were compared to PRGs to assess 
potential risks to human health. If PAH and 
BTEX concentrations did not exceed PRGs, 
then residual concentrations of petroleum 
hydrocarbons were considered to meet criteria 
for no further action. 

Propane was encountered in the vadose zone at 
OPX. There are no action levels for propane in 
soil-gas. The media cleanup standard of 10 
percent of the Lower Explosive Limit (LEL) for 
propane, or 2,000 parts per million by volume 
(ppmv) was used as a cleanup criteria. However, 
in areas where this standard was not met, no 
concentrations were left in place above the LEL 
of 20,000 ppmv for requirements of health and 
safety. 

3.2.2 Groundwater Screening 
Action Levels 

State and federal dr i i ing  water standards, the 
MCL, and background concentrations were used 
to screen COPCs in groundwater. 

For non-metal COPCs, concentrations of 
COPCs were screened against the MCL. When 
no MCL was available, EPA PRGs for tapwater 
were used. 

For metal concentrations, concentrations of 
COPCs were first screened against background 
concentrations obtained from samples collected 
from monitoring wells upgradient of a source 
area. If background concentrations were 
exceeded, metals concentrations were then 
screened against the MCLs or PRGs. 
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4.0 REMEDIAL INVESTIGATIONS, TREATABILITY STUDIES, 
AND REMEDIAL ACTION AREAS 

This section summarizes remedial investigations - Have known potential source areas have 
and treatability studies performed at the five been adequately characterized, 
sites, and evaluates current site conditions with 
respect to the need for remedial action. During - Are current levels of COPCs in soil and 
the remedial investigations at the five sites, the groundwater above or below screening 
following steps were performed: action levels, 

Background information was compiled 
regarding site usage to assess whether a 
release or potential release at a site could 
have occurred; known or suspected sources 
of contamination were listed as well as 
known or suspected COPCs; an assessment 
of biological resources was performed at 
several sites where it was determined that an 
ecological risk assessment might he 
performed 

Remedial investigations were performed 
where soil andlor groundwater samples 
were collected, analyzed for COPCs, and 
analytical results were compared to risk- 
based screening action levels or background 
levels (Section 3.2); as part of the remedial 
investigation for each site, an assessment of 
the geology and hydrogeology was 
performed 

As necessary, additional phases of field 
investigations were performed 

A screening risk assessment @A) was 
performed to assess potential human and 
environmental health risks based on 
analytical data 

At sites where it was assessed that 
remediation would be required, pilot 
treatability studies (PTS) were performed 

After the PTSs, current site conditions were 
evaluated by comparing site conditions 
against the following criteria that were 
developed to assess the need for further 
action: 

- If COPCs are above screening action 
levels, is there is risk to potential human 
or ecological receptors, and 

- If a risk exists, what further actions are 
required 

This section summarizes the above activities 
that were performed at each site. 

4.1 Existing Fire Drill Burn 
Pit 

4.1.1 Site Description and 
History 

The EBP was a fenced area in the central 
portion of FHL (Plate 2) on a river terrace 
vegetated by non-native grassland and valley 
oaks. Access to the site is from a dirt road that 
branches off of Nacimiento Road approximately 
3,000 feet southwest of where Nacimiento Road 
crosses the San Antonio River. Unimproved 
roads run along the northwest and northeast site 
boundaries. Plate 3 shows photographs of the 
EBP. Former source areas at the EBP included 
the bum pit, the aboveground fuel tanks and 
piping, and the fog oil drum and metal disposal 
areas (Plate 4). The bum pit was a 
7,500-square-foot circular bermed area that was 
sparsely vegetated and littered with debris; 
surface soil was visibly stained (HLA, 1995~). 
The bum pit was used from 1976 to 1989 for 
burning off-specification fuels and possibly fog 
oil during firefighting training. During 
firefighting training, the bum pit was filled with 
several inches of water and fuel was conveyed 
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to the bum pit or the fire drill tank northeast of 
the pit and then ignited. After a fire was 
extinguished, residual fuel and water were left 
to infiltrate into the ground or evaporate. The 
pit was used approximately eight times per year 
(XU, 19920; 1995~).  The burn pit was 
removed in 1994 during a PTS soil excavation 
program (HLA, 1997~).  

Six aboveground tanks used for storage of fuels 
for fuefighting drills, an aboveground fue drill 
tank, and piping associated with the tanks, were 
formerly located northeast of the bum pit 
(Plate 4). Tank capacities ranged from 700 to 
1,400 gallons. The aboveground tanks and 
product conveyance lines were removed from 
the site prior to 1991 (HZA, 1995~).  Abandoned 
vehicles used during training were parked in the 
western comer of the site. Until 1983, old 
drums emptied of fuel were reportedly stored 
along the eastern boundary of the site (Wizel, 
19940, b). 

Accord'mg to an FHL employee, approximately 
100, 55-gallon drums were disposed in up to 
four trenches southeast of the former bum pit in 
1985 (Wizel, 1994a). The drums formerly 
contained fog oil or diesel and were generally 
empty, although some drums may still have 
contained product. Drums were placed in the 
trenches, compacted with a bulldozer blade, and 
covered with fill (Wizel, 19940, b). Eight buried 
fog oil drums were removed from three trenches 
southeast of the bum pit during a 1993 
investigation (HLA, 1995~).  Geophysical and 
trenching investigations conducted in 1995 and 
1996 indicated the presence of buried metal and 
drums in locations southeast, northeast, and 
northwest of the burn pit; drums and metal 
debris in these areas were removed during a 
1997 exploratory program (HLA, 1996a; 
19974. 

The EBP is currently used as a drop zone during 
military training exercises. Fencing, 
aboveground tanks, piping, drums, and vehicles 
are no longer present at the site. 

4.1.2 Site Geology and 
Hydrogeology 

The EBP lies at the western edge of the upper 
San Antonio River Basin at an approximate 
elevation of 980 feet MSL. The San Antonio 
River is approximately 2,000 feet northeast of 
the site and an intermittent stream is 300 yards 
to the southeast. Soil mapped at the site is the 
Lockwood gravelly sandy loam that generally 
occurs on moderate to steeply sloping alluvial 
fans or terraces. This soil is reportedly derived 
from alluvial deposits of weathered siliceous 
shale (Carpenter et al., 1924). 

Lithologic logs indicate that the site is underlain 
by alluvium, residual soil (developed from 
in-place weathering of bedrock), and bedrock of 
the Monterey Formation. Results of a seismic 
refraction swvey indicate that weathered 
bedrock occurs at 6 to 10 feet below ground 
surface (bgs) and more competent bedrock at 
depths of 14 to 45 feet (HLA, 1995~).  Fractures 
in weathered bedrock appear to trend northwest- 
southeast. The competent bedrock horizon may 
present a bmier to the vertical migration of 
contaminants, and bedrock fractures may 
influence the lateral migration of contaminants. 
Groundwater appears to occur in weathered 
bedrock, at the soillbedrock interface, and 
seasonally in alluvium. On the basis of slug test 
results, estimated hydraulic conductivity values 
for these units range from 0.5 to 1.5 feet per day 
(EA Science and Engineering, Inc., [EA, 19901). 
Depths to groundwater have historically ranged 
from approximately 8 to 26 feet bgs, with 
elevations ranging from 953 to 972 feet MSL 
(HLA, 1997b). On the basis of historical water 
levels, the apparent direction of groundwater 
flow is generally east with localized directions 
ranging from north to southeast. Because 
groundwater flow may be influenced in part by 
bedrock fractures, potentiometric contours may 
not completely represent localized groundwater 
flow conditions. Table 1 summarizes geologic 
and hydrogeologic information specific to the 
EBP. 
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4.1.3 Biological Resources 

Biological resources were evaluated in 1993 
using aerial photographs and site surveys. 
Appendix C summarizes resources evaluated 
during this study. 

Past activities at the site, including clearing and 
soil compaction, have left it highly disturbed. 
The site is primarily barren ground interspersed 
with ruderal vegetation. Non-native grassland 
occurs south, east and north of the site. Foothill 
pine-oak woodland grows along a hillside to the 
west. The southern corner of the site'has several 
small colonies of purple needlegrass. The 
needlegrass is considered a sensitive community 
based on its statewide decline. The vegetation 
present is of low quality, and use of the site by 
wildlife is relatively limited. 

4.1.4 Summary of Remedial 
Investigations 

Nine phases of investigation were conducted at 
the EBP between 1989 and 1998; results of 
these investigations are summarized below. The 
first four phases included geophysical 
investigations, surface soil sampling, drilling 
and sampling soil borings, trenching and drum 
removal, and installation and sampling of seven 
monitoring wells (HLA, 1992a, 1995c,d). Soil 
and groundwater samples were analyzed for 
total recoverable petroleum hydrocarbons 
(TRPH); volatile organic compounds (VOCs) 
including benzene, toluene, ethylbenzene, and 
xylenes (BTEX); semi-volatile organic 
compounds (SOCs); and total metals. In 1994, 
three surface soil samples were analyzed for 
dioxins and furans. The samples were collected 
upwind and downwind of, and within the bum 
pit to evaluate potential complications for the 
pilot treatability program (HLA, 1995e). 

The first four phases of investigation provided 
information on the source areas and chemicals 
present in soil and groundwater. Petroleum 
hydrocarbons, VOCs, and SOCs associated with 
fuels burned and stored at the site were detected 
in shallow soil and weathered bedrock in all 

three areas @urn pit, fuel storage, and drum 
disposal areas) investigated. Dioxins and furans 
were not detected in surface soil samples 
collected from this site (HLA, 1995e). These 
areas were subsequently excavated during PTS 
activities (HLA, 1997~). A seismic refraction 
survey provided information on the orientation 
of bedrock fractures and depth to bedrock. In 
July 1993, eight drums were found in and 
removed from three shallow trenches southeast 
of the bum pit (HLA, 1995~). Groundwater in 
two wells, one apparently upgradient of the bum 
pit, and the other adjacent to the drum burial 
area, appeared to have been impacted by toluene 
and benzene. Initial well sampling showed 
cadmium levels in unfiltered samples above 
California MCLs; however, metals above MCLs 
were not detected in subsequent analyses of 
filtered samples. 

The fifth phase of investigation was conducted 
in 1994 as part of a pilot treatability program 
(HLA, 1997c) (Section 4.1.7). Petroleum- 
affected soils identified in earlier investigations 
were excavated from the bum pit, aboveground 
fuel storage tanks, and drum burial areas. 
Confirmation soil samples collected from the 
excavations indicated that petroleum-affected 
soil had been removed with the exception of 
three areas. A soil sample from the northwest 
sidewall of the former bum pit had TRPH at 
520 milligrams per kilogram (mgkg). Two 
shallow soil samples from the former product 
piping and fire drill tank area contained total 
petroleum hydrocarbons (TPH) as fog oil at 
concentrations up to 1,400 mgkg and two 
deeper samples contained up to 560 m a g  of an 
unknown hydrocarbon in the diesel range. Five 
deeper soil samples from the former drum 
disposal area contained TRPH and TPH as fog 
oil at concentrations up to 7,800 and 
3,800 m a g ,  respectively; shallow samples 
were not collected in this area. 

The sixth phase of investigation was a 
geophysical survey conducted in May 1995 to 
search for metal debris and drums buried in 
trenches. Survey results identified twenty 
geophysical anomalies indicative of buried 
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metal (HLA, 1996~). These anomalies were 
outside the area investigated dwing the initial 
four phases of investigation. On the basis of 
their size and location, six of these anomalies 
were selected for further investigation. 

The seventh phase of investigation was 
trenching conducted in June 1996 to evaluate 
the six largest anomalies identified during the 
May 1995 geophysical survey. Bwied drums, 
metal debris, and vehicle fragments were found 
in the excavated trenches (HLA, 19974. In 
addition, petroleum hydrocarbons were detected 
in soil samples collected from the trenches and 
in a fluid sample obtained from one of the two 
drums encountered during trenching. The 
results indicated three areas with potential for 
subsurface contamination. 

The eighth phase of investigation was 
performed in August and September 1997 to 
further evaluate the presence of petroleum 
hydrocarbons in soil and to remove buried metal 
debris and drums discovered during the seventh 
phase of work (HLA, 19974. Drums and metal 
debris were removed from three excavations 
(Excavations 6 through 8; Plates 9 and 10). 
Analytical results indicated that fluid in the 
drums comprised petroleum hydrocarbons in the 
diesel, fog oil, and motor oil range. 
Confirmation soil samples collected from the 
completed excavations showed that soil 
containing petroleum hydrocarbons, VOCs, and 
polycyclic aromatic hydrocarbons (PAHs) 
above action levels was removed (HLA, 1998d, 
technical memorandum attachment). 

The ninth and fmal phase of investigation was 
conducted in June and July 1998. Soil 
containing petroleum hydrocarbons near the 
west edge of the former bum pit, former product 
piping, and former drum disposal area was 
excavated to depths of 5 to 6 feet. Although 
two excavation confirmation samples contained 
TPH as fog oil at concentrations exceeding 
MCDOH screening criteria, detected PAH and 
BTEX concentrations were below residential 
and industrial soil PRGs. (HLA, 19984 
technical memorandum attachment). 

Seven groundwater monitoring wells were 
installed and sampled during the first three 
phases of investigation. Groundwater samples 
were collected from some or all of the wells in 
1989, 1991, and 1993 as part of site 
characterization investigations. Between 
January 1995 and December 1996, samples 
were collected quarterly as part of a basewide 
groundwater monitoring program (HLA, 1997b; 
1998~). Groundwater samples collected as part 
of site characterization investigations were 
analyzed for TRPH, TPH as gasoline, diesel, fog 
oil, and motor oil, VOCs, SOCs, and metals. 
Samples collected during the quarterly 
monitoring program were analyzed for TRPH, 
TPH as gasoline, diesel, fog oil, and motor oil, 
BTEX, SOCs, and metals. Chemical data for 
groundwater are summarized on Plate 7. 

4.1.5 Human and Ecological 
Risk Assessment 

A risk assessment for the EBP was performed 
based on the site characterization investigation 
(Appendix A) (HLA, 1995~) to assess whether 
there was a risk to human health and the 
environment. The following media were 
considered: surface soil (0 to 1 foot bgs), 
subsurface soil (1 to 3 feet bgs, 3 to 8 feet bgs, 
and >8 feet bgs,) and groundwater. COPCs 
were benzene, toluene, molybdenum in 
groundwater, and benzo (alpyrene in subsurface 
soil (>8 feet bgs). The only environmental 
COPC was toluene in surface and subsurface 
soil. An evaluation of detected concentrations 
of metals in soil indicated that the detected 
metals did not appear to be related to site usage; 
metals were therefore not identified as COPCs. 
Potential impacts of TPH were evaluated using 
measured VOC and SOC concentrations 
because BTEX (VOCs) and SOCs (e.g., 
benzo(a)pyrene) are generally considered to 
account for the toxicity of TPH compounds. 
TPH compounds detected in soil at this site 
were therefore not selected as separate COPCs 
for risk characterization in the risk. 

The distribution of COPCs was evaluated to 
identify possible current or future complete 
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exposure pathways to humans and 
environmental biota. No complete exposure 
pathways were identified considering current 
site conditions. Exposure to COPCs in 
groundwater is not expected because there are 
no drinking water wells in the site vicinity. 
Exposure to benzo(a)pyrene in soil is not 
expected because receptors are not expected to 
contact soil at depths greater than 8 feet bgs. 
Although exposure to COPCs in groundwater 
through ingestion of drinking water and 
inhalation of vapors is unlikely, possible health 
risks for the receptor were evaluated by 
comparing detected COPCs concentrations with 
PRGs that address possible ingestion and 
inhalation. Cancer risks of 6 x 10-6 and 2 x 10- 
5 were estimated for average and reasonable 
maximum exposure scenarios, respectively. 
Risk evaluation indicates that potential non- 
cancer health effects may occur from ingestion 
of some metals since MCLs were exceeded for 
some metals in groundwater. However, metals 
concentrations in groundwater at the EBP may 
be related to background conditions. 

4.1.6 Nature and Extent of 
Contamination 

Plates 5 and 6 show organic compounds and 
metals detected in soil prior to exploratory 
excavation programs. Table 2 summarizes 
COPCs detected in soil. Results of these 
investigations indicated that organic compounds 
including TRF'H, BTEX, and SOCs were 
detected throughout the soil profile in all three 
source areas investigated (bum pit, fuel storage, 
and drum burial). Petroleum hydrocarbons and 
related compounds detected in surface soil and 
weathered bedrock may have resulted from 
practices employed during fire-fighting 
exercises performed at the bum pit. Potential 
sources for the organic contaminants detected at 
depth and near the water-table included buried 
fog oil drums and former oil disposal pits. 
These areas were further investigated and 
contaminated soil removed during the 1994 PTS 

and 1997 and 1998 exploratory soil excavation 
programs. 

Analytical results showed that metal 
concentrations in shallow soil exceeded 
background threshold values. However, many 
of the confmation soil samples were collected 
from the Monterey Formation below 10 feet 
below ground surface (bgs). Because there 
appears to be a stronger correlation between 
elevated metals concentrations and lithology 
than between background metal exceedances 
and the presence of organic contaminants, it was 
assessed that metal concentrations are probably 
more a function of geochemical variability 
between lithologic units than of releases 
resulting from past site practices. 

Groundwater 

Plate 7 summarizes detected organic compounds 
and metals detected in groundwater and Plate 8 
shows a potentiometric map that represent 
groundwater flow conditions. The direction of 
groundwater flow has been characterized as east 
to southeast. Elevated metals, TRF'H, BTEX, 
and SOCs have been detected in groundwater 
samples from wells screened in alluvium and 
weathered bedrock. Results of a seismic 
refraction survey showed that a weathered 
bedrock layer occurs between 6 and 10 feet bgs 
and a more competent bedrock layer between 14 
and 45 feet bgs. Bedrock fractures appear to 
trend northwest southeast. The competent 
bedrock horizon may present a barrier to the 
vertical migration of contaminants and bedrock 
fractures may influence the lateral migration of 
free or dissolved phase contaminants in 
groundwater. 

4.1.7 Pilot Treatability 
Studies 

Low Temperature Thermal 
Desorption (L mD) 

Five excavations were performed and 9,500 
cubic yards (cy) of material was excavated and 
treated using LTTD. Not all the contaminated 
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soil was removed from EBP during the pilot 
studies because of the seven excavations that 
were planned, only five were completed before 
the maximum soil volume allowed by contract 
was excavated. A complete description of this 
and the other treatability studies was presented 
in Technical Memorandum PTS-10, Pilot 
Treatability Studies, Fort Hunter Liggett, 
California dated April 1997. Plates 9 and 10 
show organic and inorganic compounds 
detected in soil after exploratory excavation 
programs. 

Soil from EBP, ABP, and 290 (approximately 
3,100 tons of soil containing petroleum 
hydrocarbons) were treated using LTID at an 
average rate of 60 tons per day (including 
shutdown periods). Confmation sampling 
results from samples collected from treated soil 
indicate that this treatment method was effective 
for all soil types evaluated in the study. The soil 
processing rate was moderate; however, the rate 
was decreased by several shutdowns due to 
mechanical difficulties and air permit 
compliance issues. These difficulties were 
caused by steam and dust generated by 
earthmoving equipment and treatment of 
Monterey shale-type soil, which generated 
unanticipated smoke in the thermal treatment 
process. 

LTTD is recommended as an effective method 
for treatment of FHL soil containing light or 
heavy petroleum hydrocarbons, with the 
exception of Monterey shale types of soil. One 
conclusion of the study was to recommend pre- 
wetting of soil planned for excavation to control 
dust. 

4.1.8 Comparison of Current 
Site Conditions to No 
Further Action Criteria 

This section compares current site conditions 
against no further action (NoFA) criteria 
presented in the beginning of Section 4.0. 

4.1.8.1 Characterization of 
Potential Source Areas 

Potential source areas (the bum pit, former 
above ground fuel storage tanks and piping, and 
former fog oil drums and metals disposal areas) 
and groundwater have been adequately 
characterized. During the nine phases of site 
characterization and exploratory excavation 
programs conducted as part of the RI, over 300 
soil samples were collected and analyzed for 
target analytes: VOCs, petroleum hydrocarbons, 
SOCs and metals. Groundwater monitoring was 
conducted between 1989 and 1997 (U, 1990, 
and HLA, 1992a, 19973, 1998~) .  Eight 
continuous quarters of monitoring were 
performed fiom January 1995 to December 
1996 after completion of the PTS at the site. 

4.1.8.2 Comparison to 
Remediation Goals 
(Screening Levels and 
Risk Assessment) 

The following sections describe current 
conditions at EBP. For soil and groundwater, 
concentrations of COPCs are screened against 
action levels and results of the health and 
ecological risk assessment. 

Soil 

Plates 9 and 10 illustrate chemical 
concentrations remaining in soil following the 
PTS and exploratory excavation programs. 

VOCs 

Comparison of detected concentrations of VOCs 
in soil samples to screening levels show residual 
concentrations do not exceed industrial or 
residential soil PRGs (Plate 9). 

SOCs 

As shown on Plate 9, detected SOC 
concentrations were below soil screening levels 
with two exceptions. The two samples 
containing SOCs at concentrations exceeding 
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PRGs (EBP-TR-020B and -020H) were 
collected at 16 and 20 feet bgs from 
Excavation 3. These two samples contained 
0.43 and 0.1 1 mgkg benzo(a)pyrene (industrial 
and residential soil PRGs for this compound are 
0.36 and 0.056 m a g ,  respectively). Because 
potential human receptors are unlikely to come 
into contact with soil at these depths, the 
presence of benzo(a)pyrene at 16 and 20 feet 
bgs is not considered to pose significant human 
health risk. 

ketroieum Hydrocarbons 

Analytical results (Plate 9) show that soil 
containing petroleum hydrocarbons at 
concentrations exceeding the MCDOH 
screening level has been removed during the 
PTS and exploratory excavation programs with 
the exception of soil in the following areas: 

Vicinity of Former Product Piping and Fire Drill 
Tank - Samples exceeding the MCDOH 
screening level in this area are as follows: 

0 EBP-EXC-10-SW-C: TPH as fog oil at 
120 mgkg at 1.5 ft bgs 

0 EBP-SB-015: TPH as diesel at 160 mgkg at 
5.5 ft  bgs and 560 mgkg at 20 ft  bgs 

Drum Disposal Area Southeast of the Bum Pit - 
Samples exceeding the MCDOH screening level 
in this area are as follows: 

EBP-EXC-09-SW-B: TPH as fog oil at 
l lOmgkgat3 ftbgs 

0 EBP-SB-012: TPH as diesel at 1,800 mgkg 
at 8.5 ft  bgs 

0 EBP-SB-11: TPH as diesel at 960 mgkg at 
15.5 ft  bgs and 450 mgkg at 20.5 ft bgs 

0 EBP-SB-029: TPH as diesel at 1,800 mgkg 
at 8.5 ft bgs 

0 EBP-TR-O14D: TPH as diesel at 4,200 
mgkg at 9 ft  bgs 
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Petroleum hydrocarbon-affected soil in these 
areas is not considered to pose a significant risk 
to potential human receptors because the most 
toxic constituents of petroleum hydrocarbons, 
PAHs and BTEX, were detected at 
concentrations less than PRGs in soil shallower 
than 6 feet bgs. Most of the MCDOH screening 
level exceedances occurred at depths (8.5 to 
20.5 feet bgs) at which potential receptors are 
unlikely to come into contact with soil. 

Additionally, the presence of residual petroleum 
hydrocarbons in soil does not appear to pose a 
threat to groundwater, as is reflected in the fact 
that TPH (quantified by EPA Test Method 
8015) and the mobile and toxic constituents of 
petroleum hydrocarbons (BTEX) have not been 
detected in groundwater in the last eight rounds 
of groundwater monitoring at the site. 

Metals 

Comparison of detected metals concentrations 
in soil to industrial and residential soil PRGs 
shows exceedances for arsenic in 17 samples 
(Plate 10). Eleven of these samples were 
collected below 10 feet bgs, at which depths 
potential receptors are unlikely to come into 
contact with soil. The six samples exceeding 
PRGs for arsenic collected from depths less than 
10 feet had concentrations ranging from 2.4 to 
5.5 mgikg. Because these concentrations are 
less than or just exceed the background 
threshold value (3.24 m a g ) ,  they may fall 
within the naturally occurring range of 
concentrations. The background soil chemistry 
evaluation performed at FHL is included as 
Appendix B. The purpose of the evaluation was 
to develop area specific upper limit 
concentration values for CCR Title 22 metals. 
The metals concentrations for the EBP were 
compared against background threshold values 
developed from Dataset 4 (Appendix B) which, 
in the case of arsenic, consisted of 24 data 
points ranging in concentration from 0.57 to 
4.0 m a g .  The tolerance interval method 
(Appendix B) was used to calculate the 
background threshold value for arsenic based on 
a limited dataset. As a result, some naturally 
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occurring concentrations of arsenic would be 
expected to exceed the background threshold 
value. 

Cadmium concentrations exceeded residential 
soil PRGs in 11 samples collected below 10 feet 
bgs. Because metals exceedances appear to be 
naturally occurring or occurred at depths at 
which potential receptors are unlikely to come 
into contact with soil, residual metal 
concentrations in soil are not considered to pose 
a risk to potential receptors. 

Because sampling shows that concentrations of 
the toxic constituents of petroleum 
hydrocarbons, PAHs and BTEX, are below risk- 
based levels in soil shallower than 6 feet bgs, 
residual hydrocarbons in soil do not pose a 
threat to potential receptors. A letter 
recommending no further action at the EBP was 
submitted in 1998, and received agency 
concurrence (HLA, 1998d RWQCB, 19986). 

Groundwater 

Plate 7 summarizes chemical concentrations in 
groundwater through December 1996. Review 
of 13 rounds of groundwater monitoring results 
shows that BTEX was not detected in 
groundwater following removal of contaminated 
soil during the 1994 PTS program. TRPH has 
been sporadically detected, but was not 
confirmed by EPA Test Method 8015. Elevated 
metals concentrations have been attributed to 
background conditions and filters used for 
sampling. 

vocs 

As illustrated on Plate 7, organic compounds, 
including chrysene, 2- and 4-nitroanilene, 
benzene, toluene, and total xylenes, were 
detected in groundwater samples collected prior 
to the 1994 soil PTS program. Concentrations 
of benzene in these samples exceeded primary 
MCLs. These compounds have not been 
detected in the last eight rounds (January 1995 
through December 1996) of groundwater 

samples collected from the onsite monitoring 
wells. 

Bis(2-ethlyhexy1)phthalate (BEHP) has been 
sporadically detected at concentrations 
exceeding its MCL and tap water PRG in 
groundwater samples collected from wells 
upgradient and crossgradient of the burn pit. 
Because BEHP is a common laboratory 
contaminant, its detection is considered 
unreliable and suspect. 

Petroleum Hydrocarbons 

TRPH has been sporadically detected in wells at 
the site. TRPH detections were not confmed 
using EPA Test Method 8015 (modified) for 
TPH as gasoline, diesel, motor oil, and fog oil. 
The detection of TRPH is suspect because the 
TRPH method (EPA Test Method 418.1) does 
not identify which petroleum hydrocarbons are 
present and may quantify hydrocarbons that are 
not petroleum-related such as naturally 
occurring fatty acids. It should be noted that 
there are no established MCLs or PRGs for total 
petroleum hydrocarbons. 

Metals 

Review of historical groundwater analytical 
results shows antimony was detected above the 
MCL in groundwater samples collected in 1993. 
The detection of antimony in groundwater has 
been attributed to filters used in groundwater 
sample collection (HLA, 19950). Antimony has 
not been detected in last eight rounds of 
groundwater samples collected from the site. 

Cadmium has been detected at concentrations 
exceeding the primary MCL. Background 
statistical calculations indicate that cadmium 
appears to be naturally occurring in groundwater 
at the EBP (HLA, 19976 and 1998~). 
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4.1.9 Recommendation for 
Further Action 

No further action was proposed for the site in a 
letter to regulatory agencies (HLA, 19984 on 
the basis of the following: 

Potential source areas (the bum pit, 
aboveground fuel storage tanks, product 
conveyance lines, fue drill tank, and 
dmm/scrap metal disposal areas) have been 
adequately characterized. 

Residual TF'H compounds are present in soil 
above MCDOH action levels; however, 
these compounds do not pose a significant 
risk to potential human receptors because: 

- The most toxic constituents, PAHs and 
BTEX, were detected at concentrations 
less than the PRGs in soil shallower 
than six feet bgs. 

- Most of the MCDOH screening level 
exceedances occurred at depths (8.5 to 
20.5 feet bgs) at which potential human 
or ecological receptors are unlikely to 
come into contact with soil. 

- TPH and the mobile toxic constituents 
of petroleum hydrocarbons (BTEX) 
have not been detected in groundwater 
in the last eight rounds of groundwater 
sampling. 

Data from monitoring wells indicate that, 
with the exception of BEHP and cadmium, 
target analytes (TPH, SOCs, B'IEX, and 
metals) have not been detected at 
concentrations exceeding action levels in 
the last eight rounds of quarterly 
groundwater samples collected at the site. 
Detections of BEHP and cadmium are not 
considered to be significant because BEHP 
is a common laboratory contaminant, and 
therefore, its detection is suspect, and 
background statistical calculations have 
indicated that cadmium is naturally 
occurring. 

The RWQCB has accepted no further water 
quality action (RWQCB, 19983); DTSC's 
approval of FHL's request for NoFA is pending. 
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Table I .  Summary of Geologic and Hydrogeologic Information 
Existing Fire Drill Bum Pit 

Remedial InvestigationlFeasibility Study 
Fort Hunter Liggett, California 

I SoiVSediment Type 

Geology: 

Soil Thickness 

Rock Type 

10 to 12 feet 

Lockwood gravelly sandy loam; Alluvium and residual 
soil: sand, silty sand, gravel 

Monterey Formation: Mudstone, chert, siltstone, 
limestone, dolomite 

to Groundwater 8 to 26 feet bgs 
Elevation of Groundwater 953 to 972 feet Mean Sea Level 

I Flow Direction Generally east with localized directions ranging from 
north to southeast 

(1 Gradient 10.024 to 0.001 foot/foot 

bgs Below ground surface. 

Hydraulic ConductivitylSource 
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0.5 to 1.5 footlday (EA, 1990) 
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Table 2. Statistical Summary of COPCs 
Existing Fire Drill Bum Pit 

Remedial InvestigationlFeasibility Study 
Fort Hunter Liggett, California 

coc 
No. of Detected Minimum Maximum Detected Units 

ValuesiNo. of Analyses Detected Value Value 

TPH-fog oil 13/89 23 3,800 m&g 
TPH-motor oil 1/89 48 48 m a g  
TPH-D Unknown 14/89 17 4,200 mg/kg 
Nonpolar Oil and Grease 4/84 28 7,800 m&g 
(TRpH) 
Total Oil and Grease (TOG) 419 50 1,500 mg/kg 

Groundwater 

Molybdenum 
Cadmium 

mg/kg Milligrams per kilogram. 
pg/L Micrograms per liter. 
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4.2 Site 85 (585) 

4.2.1 Site Description and 
History 

S8J, located off San Miguelito Loop Road 
(Plates 2 and 1 I), comprises a tracked-vehicle 
parking area (Area I); a former waste oil tank 
area (RCRA-regulated unit), a second former 
waste oil tank location, existing fill pad and 
waste oil tank (which stores waste oil less than 
90 days), vehicle maintenance area, and former 
hazardous materials storage area 
(RCRA-regulated unit) (Area II); and an 
intermittent stream and constructed pond 
(Area 111). Photographs of these areas are 
presented on Plates 12 and 13. 

Area I is an unpaved area that has been used for 
parking tracked vehicles (Plate 15). Generally, 
the vehicles are parked along the north and east 
perimeters of Area I. 

Area I1 is roughly level and unpaved (Plate 16) 
and has been used since 1978 for servicing and 
modifying combat vehicles. Areas of 
investigation in Area I1 are discussed below. 

The former RCRA-regulated (Part A Permit) 
waste oil tank was a single-walled, 4,000-gallon 
steel underground storage tank (UST) used for 
storing engine oil from combat vehicles. It may 
have also contained solvents and hydraulic 
fluids. Use of this tank ceased in 1987, and in 
1988, a new 4,000-gallon tank was placed in a 
roofed, below-grade, concrete vault about 
20 feet east of the former UST. A concrete pad 
surrounds the fill port for the new tank. The old 
tank was removed by SEMCO in April 1991. 
During excavation and removal, a hole was 
observed in the bottom of the tank and soil 
beneath the tank appeared stained. It is HLA's 
understanding that visibly stained soil was 
excavated and soil samples were collected by 
SEMCO from the bottom of the excavation 
(Nathan, 1992). 

Northwest of the UST is a vehicle maintenance 
area with a partially covered concrete pad and a 
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former container storage area where solvents 
and waste oils were stored in 1- to 5-gallon 
containers and 55-gallon drums. This area was 
unpaved and uncovered; use of the area ceased 
in 1987. This area was formerly RCRA- 
regulated with a Part A Permit. 

A second former waste oil tank that was not 
identified in previous UST surveys was 
reportedly located on a hill approximately 
70 feet west of the vehicle maintenance pad. 
According to Ms. Murdo of the Fort Ord 
Directorate of Engineering and Housing, this 
waste oil UST may have been removed in 1983; 
however, there are no records concerning its 
removal (Murdo, 1993). 

Area 111 comprises an intermittent stream that 
borders Area I1 on the east and discharges to a 
manmade pond. A sheen was observed in the 
drainage and on the pond surface. 

4.2.2 Site Geology and 
Hydrogeology 

S8J is in the northwest-trending Nacimiento 
River Basin at elevations ranging from 1,100 to 
1,500 feet MSL. The site is surrounded by low 
hills that are transected by three intermittent 
streams. The streams drain southward to the 
manmade pond. The Nacimiento River is 
southeast of the site. 

Review of EA boring logs indicates that S8J is 
underlain by 10 b 26 feet of unconsolidated 
deposits (colluvium or alluvium) composed of 
sand, silt, clay, and cobbles. In some areas, 
these unconsolidated deposits are underlain by 6 
to 16 feet of weathered sandstone or alternating 
beds of sandstone and siltstone. At depths of 20 
to 30 feet, the sandstone or alluvium/colluvium 
is underlain by mudstone/siltstone, limestone, 
and limestone breccia conglomerate. These 
strata probably comprise the upper Cretaceous 
to Paleocene unnamed formation 
(Durham, 1974). This formation is reportedly 
underlain by granite of the Salinian crystalline 
basement (U, 1990). The depth to granite 
varies across the site; granite was encountered at 
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a maximum depth of 92 feet bgs in one boring, 
however, in another boring, blue-gray 
crystalline limestone was encountered to the 
maximum depth explored (215 feet) (EA, 1990). 

Review of EA's eight boring logs indicates that 
onsite wells are screened in weathered 
sandstone, mudstone, siltstone, limestone, and 
limestone breccia conglomerate. This appears 
to be the upper water-bearing zone, although 
perched water occurs intermittently in the 
alluvium or colluvium. Calculated values of 
hydraulic conductivity vary from 0.007 to 
1.57 feet per day (EA, 1992). 

Depths to groundwater have historically ranged 
from 4 to 35 feet and groundwater elevations 
have ranged from 1,335 to 1,374 feet MSL. The 
calculated horizontal hydraulic gradient in Area 
I1 has ranged from 0.05 to 0.10 foot per foot 
plate 14). Depth to groundwater appears to 
vary seasonally, with water levels rising during 
the wet season. From measured groundwater 
levels, it appears that groundwater flow at the 
site is southeast to south (Plate 14). Table 3 
presents a summary of geologic and 
hydrogeologic information specific to S8J. 

4.2.3 Biological Resources 

Appendix C contains the biological resource 
study performed as part of the Investigation of 
Eight Sites (HLA, 1995~). Site 8J consists of 
approximately 20 acres of developed and highly 
disturbed land that slopes gently to the 
southwest. The site also includes a 3,000-foot- 
long portion of an ephemeral drainage and a 
6-acre reservoir southwest of the developed 
area. Elevations range from approximately 
1,400 feet at the northwest comer of the site to 
1,230 feet at the reservoir. 

The northwest portion of the site has been 
developed with roads, parking areas, and 
buildings. Portions of the site not covered by 
impervious surfaces are either barren or 
colonized by mderal vegetation. Non-native 
grassland occurs north, west, and southwest of 
this portion of the site, foothill pine-oak 

woodland occurs along the hillside to the east. 
The level of disturbances and the low quality of 
the vegetation limit wildlife use of the 
developed portion of the site. The likelihood 
that special-status taxa inhabit this area is low 
due to previous disturbances. Most of the native 
vegetation has either been removed or replaced 
with naturalized taxa adapted to disturbed 
conditions. Buildings onsite provide potential 
shelter habitat for several bat species with 
special status that have been reported in the 
vicinity of FHL. 

As it passes through the developed area, the 
ephemeral drainage is a narrow incised channel 
with adjacent wetland vegetation. The southem 
portion of the channel broadens into wetland as 
it drains into the reservoir. Non-native 
grassland occurs west of the drainage and 
Foothill pine-oak woodland along the hillside to 
the east. The reservoir consists of open water 
surrounded by emergent wetland vegetation. 
This shoreline of this reservoir is dominated by 
monocots adapted to prolonged saturation such 
as broad-leaved cattail (Typha latifolia) and 
spike rush (Eleocharis macrostachya). The 
ephemeral drainage and reservoir provide 
suitable breeding and foraging habitat for 
several amphibians and aquatic reptiles 
including the California tiger salamander 
(Almbystoma californiense), foothill yellow- 
legged frog (Rana boylei), reg-legged frog 
(Rana aurora drayfonii), and southwestern pond 
turtle (Clemmys marmoratapallida). Tricolored 
blackbird (Agelaius tricolor) may be attracted to 
the emergent vegetation surrounding the 
reservoir. 

4.2.4 Summary of Remedial 
Investigations 

Five phases of investigation were conducted at 
this site by EA, SEMCO, and HLA between 
1989 and 1994. These investigations comprised 
the following work at each of three areas. Plates 
15 and 16 are site plans for Areas I and 11, and 
Plate 22 shows where samples were collected at 
Area 111. 
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The first phase of investigation was conducted 
in 1989 (EA, 1990). Samples were collected 
from Areas I1 and I11 to evaluate the extent of 
chemical contamination. In Area 11, several 
borings were drilled or hand augered and soil 
samples were collected, and three monitoring 
wells were installed and sampled. One 
monitoring well was not installed since the 
boring was drilled to 215 feet and was 
reportedly dry (EA, 1990). In Area 111, two 
sediment samples were collected from the 
drainage area that intersects Area 11, one surface 
water sample was collected from the manmade 
pond, and two borings were drilled near the 
edge of the Area 111 pond. 

The second phase was conducted in 1991 and 
included drilling 19 borings in Area II and 
elsewhere, installing five monitoring wells in 
Area I1 and collecting two pond sediment 
samples in Area III. The third phase was also 
conducted in 1991 and included two soil 
samples from the former waste oil tank 
excavation (EA, 1992). 

The fourth phase was conducted in 1993 and 
included a soil vapor survey, surface soil 
samples, four soil borings, surveying, and 
groundwater sampling (HLA, 1995~). The soil 
vapor survey was conducted to screen shallow 
soil in Area 11 for VOCs. Surface soil samples 
were collected and screened for TPH using 
immunoassay (EnSys) to evaluate potential 
surface spillage from tracked vehicles in Area I, 
to assess potential surface soil contamination 
from vehicle maintenance and chemical storage 
practices in Area II, and to verify the presence 
of previously identified petroleum constituents 
in Area In. Selected samples were submitted 
for laboratory analysis to verify screening 
results. Area I1 had one boring drilled to 
evaluate the vertical extent of potential chemical 
contaminants detected during preliminary 
screening. The former waste oil tank had three 
borings drilled to evaluate the lateral and 
vertical extent of contaminants. Eight 
monitoring wells were resurveyed and two 
rounds of water-level data were collected to 
assess the local groundwater gradient and flow 

direction. One round of groundwater samples 
was collected from 8 wells for comparison with 
previous sampling events. 

In addition to groundwater monitoring 
performed during site characterization 
investigations, groundwater has been monitored 
quarterly between January 1995 and December 
1996 (HLA, 1997b, 1998~). 

A summary of the investigation in each of the 
three areas is as follows: 

Area 1 

Twenty surface soil samples were collected and 
screened for TPH using EnSys and four were 
chemically analyzed to verify EnSys screening 
results (Plate 15). 

Area 11 

This area consists of the former RCRA- 
permitted hazardous materials storage area and 
vehicle maintenance area (drum storage area), 
and RCRA-permitted waste oil tank and fill pad 
(Plate 16). A second former waste oil tank was 
reported to be present about 70 feet west of the 
vehicle maintenance pad. However, a 
geophysical survey and boring program 
performed in 1995 did not identify either the 
tank or soil contamination around the reported 
tank area (HLA, 1995h). 

Former Drum Storage Area mCRA-~ermitted): 
Three phases of sampling were performed. In 
1989, 11 soil borings and 8 monitoring wells 
were installed. In 1993, a soil vapor survey 
(twenty shallow soil vapor probes were installed 
and sampled), surface samples were collected, 
and a shallow boring was drilled and sampled. 
In 1997, four shallow borings and seven 
trenches were installed at the former storage 
areas and adjacent to the concrete pad used for 
vehicle maintenance. 

Former Waste Oil Tank and Fill Pad (RCRA- 
permitted): Two phases of investigation have 
been performed. In 1991, two borings were 
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installed near the former tank location and 4 soil 
samples were collected. Soil samples were 
analyzed for TF'H, BTEX, VOCs, SOCs, and 
metals. In 1993, three borings were installed 
and 6 soil samples were collected. Soil samples 
were analyzed for TRPH, BTEX, VOCs, SOCs, 
and metals. 

Area 111 

The following samples have been collected from 
Area 111 (Plate 22): 

Two soil borings have been installed and 
sampled 

One surface water and two sediment 
samples have been collected and analyzed 

Four shallow soil samples were screened for 
TF'H using EnSys, and three of those 
samples were chemically analyzed to verify 
EnSys results. 

Two pond sediment samples 

Groundwater 

Several rounds of sampling have been 
performed as part of site investigation activities, 
and 8 rounds of quarterly samples have been 
collected from Area I1 Wells EA-S8J-MW-001, 
-004, -006, -007, -008, and -009 as part of a 
basewide water quality monitoring program. 

4.2.5 Human and Ecological 
Risk Assessment 

The risk assessment performed for S8J was 
based on the site characterization investigation 
(HLA, 1995~) to assess the need for remedial 
action (Appendix A). The following media 
were considered: surface soil ( 0 to 1 foot bgs), 
subsurface soil (1 to 3 feet bgs, 3 to 8 feet bgs, 
and >8 feet bgs), groundwater, and sediment. 
Inorganic data was not used for unfiltered 
groundwater samples that were not considered 
representative of dissolved groundwater 
conditions. At Area I, no human or 

environmental COPCs were identified. At 
Area 11, the only human COPC identified is 
benzene in groundwater. Environmental 
COPCs identified at Area I1 were: ethylbenzene 
and toluene in surface soil and toluene in 
subsurface soil. At Area III, no human COPCs 
were identified. The only environmental COPC 
identified at Area III is toluene is subsurface 
soil. An evaluation of detected concentrations of 
metals in soil at Site 85 indicates that except for 
antimony and molybdenum (detected at 
concentrations less than PRGs), metals did not 
appear to be related to site activities; metals 
were therefore not selected as COPCs. Potential 
impacts of TPH were evaluated using measured 
VOC and SOC concentrations. BTEX and 
PAHs (e.g. benzo(a)pyrene) are generally 
considered to account for the toxicity of TPH 
compounds. TPH compounds detected in soil at 
Site 8J were therefore not selected as separate 
COPCs for risk characterization in the risk 
assessment. 

The distribution of COPCs was evaluated to 
identify possible current or future complete 
exposure pathways to human and environmental 
biota. Exposure to human COPCs in 
groundwater is not expected due to poor water 
quality (nitrate as N and sulfate concentrations 
in excess of MCLs) (HLA, 1995~). No complete 
exposure pathways were identified under 
current or future site conditions because the 
COPC was detected only in groundwater. 
Accordingly, health effects associated with 
chemicals at this site are not expected. 

Areas I and I1 of Site 8J are not expected to be 
of ecological concern because they are 
developed, highly disturbed sites, and no 
special-status taxa have been observed or are 
expected in these areas. Area I11 of Site 85 is an 
intermittent stream and manmade reservoir with 
emergent vegetation. Five special-status species 
may be present in the stream and reservoir: the 
California tiger salamander, Foothill yellow- 
legged frog, red-legged frog, southwestem pond 
turtle, and the tri-colored blackbird. No 
environmental COPCs were detected in surface 
soil, and only toluene was identified as a COPC 
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in subsurface soil. Exposure of toluene to 
potential receptors is not expected to occur 
because it was detected at depth and is not 
expected to be persistent in soil or to 
bioconcentrate. Therefore, no complete 
exposure pathways or future complete exposure 
pathways to human and environmental biota 
were identified at Area 111 and adverse effects 
on the environment are not expected. 

4.2.6 Nature and Extent of 
Contamination 

Organic Compounds - Soil 

The following sections describe organic 
compounds detected in soil at each of the areas 
of S8J. 

Area 1 

Surface soil samples from Area I contained 
TRPH at concentrations up to 2,700 mgkg and 
extractable petroleum hydrocarbons at a 
maximum concentration of 290 m&g 
(Plates 17 and 18). Area I is in use as a 
tracked-vehicle parking area. Incidental leakage 
from vehicles at Area I will most likely continue 
while the site is in use. 

Area 11 

Plates 19 and 20 show organic and inorganic 
chemicals detected in soil and groundwater 
during the 1993 Investigation of Eight Sites. 
Plate 21 shows results of further investigation 
performed at the hazardous materials storage 
and vehicle maintenance areas as part of closure 
of the RCRA sites. Both the former waste oil 
tank and hazardous waste storage areas (RCRA- 
permitted) were clean-closed by DTSC when 
the RCRA Part A permit was closed. 

Area 111 

Plates 22 and 23 show organic and metal 
compounds detected in soil and sediment in 
Area III. Detected VOCs included toluene, 
4-methylphenol, and potential laboratory 
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contaminants acetone, dichloromethane 
(methylene chloride), and dimethylphthalate. 
Reported levels were below PRGs. 

Inorganic Compounds - Soil 

Metals were considered as potentially related to 
site usage if they exceeded background and also 
were detected in conjunction with organic 
contaminants. Background exceedances for 
hexavalent chromium (Cr VI), molybdenum, 
and antimony were coincident with the detection 
of TPH and TRPH. Therefore, the presence of 
these metals in soil could be related to site 
usage. 

Groundwater 

The following summarizes the nature and extent 
of groundwater contamination at Site 8J. 

Benzene, toluene, MIBK, BEHF', and TPH 
as diesel were detected prior to 1993. 
Concentrations of benzene exceeded the 
MCL in one sample collected in 1989, hut 
was not detected after this time. The 
concentration of BEHF' also exceeded the 
MCL in September 1993, but was not 
detected above the MCL after this time. 
BEHP is a common laboratory contaminant. 

Antimony, selenium and nitrate 
concentrations have exceeded MCLs 
intermittently over the 10 years of sampling. 

4.2.7 Pilot Treatability 
Studies 

No pilot treatability studies were performed at 
Site 85. 

4.2.8 Comparison of Current 
Site Conditions to No 
Further Action Criteria 

Area I is still in use as a vehicle parking area for 
training operations and is not proposed for 
closure at this time. The two RCRA-permitted 
areas that comprise Area I1 have been approved 
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for clean-closure by DTSC. Site conditions at 
Area 111 and groundwater are discussed below. 

4.2.8.1 Characterization of 
Potential Source Areas 

Potential source areas at the site have been 
characterized. Several phases of soil 
investigation have been performed and 
groundwater has been monitored over a 10 year 
period. 

4.2.8.2 Comparison to 
Remediation Goals 
(Screening Levels and 
Risk Assessment) 

Area Ill 

Organic compounds were reported at 
concentrations below PRGs in soil and sediment 
collected from Area 111. No further action is 
recommended. 

Groundwater 

Remedial action for groundwater at Site 8J is 
not recommended for the following reasons: 

Benzene has not been detected above MCLs 
since June 1991 
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0 Except for antimony, nitrate, and selenium, 
the analytical results of groundwater 
samples collected from monitoring wells 
located downgradient of known source areas 
were below MCLs andlor PRGs. The 
probable source of antimony was filters 
used to sample groundwater, based upon a 
comparison of filtered and unfiltered 
samples collected and analyzed during the 
Eight Sites Characterization Investigation 
(HLA, 1995). Of the ten nitrate MCL 
exceedances, none were determined to be 
statistically different from the background 
values. It is believed that elevated levels of 
nitrate are naturally occurring at Site 85. 
Detections of selenium are sporadic with 
two above MCLs. Because of sporadic 
detections and the knowledge that selenium 
also naturally occurs in groundwater at the 
site, it is not considered to be a COPC. 

4.2.9 Recommendation for 
Further Action 

No further action is recommended for Site 8J. 
Area I is still in use and is not proposed for 
closure at this time. Area I1 has been clean- 
closed. Site characterization results indicate 
that there is no potential human or 
environmental risk in Area 111. The RWQCB 
has approved no further water quality action is 
necessary (RWQCB, 1997~). 
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Table 3. Summary of Geologic and Hydrogeologic Information 
Site 85 

Remedial InvestigationlFeasibility Study 
Fort Hunter Liggett, California 

11 SoiVSediment Type I Colluvium and alluvium: Sand, silt, clay, cobbles 

Geology: 

Soil Thickness 

0 Rock Type 

10 to 26 feet 

Unnamed formation: Sandstone, alternating beds of 
sandstone and siltstone; mudstone, siltstone, limestone 
and limestone breccia conglomerate 
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Hydrogeology: 

Depth to Groundwater 
Elevation of Groundwater 

Flow Direction 

Gradient 

Hydraulic Conductivity 

Harding Lawson Associates 

- 

4 to 35 feet bgs 
1,335 to 1,374 feet Mean Sea Level 

Southeast to south 

0.05 - 0.10 footlfoot 

0.007 to 1.57 feetlday (E4, 1992) 

bgs Below ground surface. 



Table 4. Statistical Summary of COPCs 
Site 85 

Remedial InvestigationlFeasibility Study 
Fort Hunter Liggett, California 

No. of Detected Minimum Maximum 
AreafMedidCOC ValuesiNo. of Analyses Detected Value Detected Value Units 

TWH 
TF'H-D Unknown 

Nonpolar O&G (TRPH) 
p H - D  Unknown 
TF'H Diesel 

Groundwater 

Nitrate as N 
Benzene 

No COPCs were selected for Area 111. 

m a g  Milligrams per kilogram. 
pg/L Micrograms per liter. 

MATm56073F-FHL 
June 30,2000 

Harding Lawson Associates 



EXPLANATION -- - Drainage 

Road 

Structure 



Sne BJ, Area I. Tank staeing Araa 

: 4 4  

Site BJ-Area II: Qmundwatar Monltoflng Well EA-SBJ-MW-004 
Is In lhe tareground 

I I 
Photographs of Slte te (S8J) Areas I and II PLATE 

Hardlng Lawnon Asroointea 
Englneerlng and 1 1 1 1 1  
Environmental Servloes VDIMUYI El Remedial lnvestlgationlFeasibiIity Study 

Fort Hunter Liggett, California 
DRAWN JOE NUMBER DATE 

12 
REVISED DATE 

LFDc 36101 05070102 10199 











EXPLANATION 

S8J-55-005 A HLA SURFACE SOIL SAMPLE LOCATION 

0 SAMPLES SCREENED USING EnSys 

+ SAMPLES NOT SUBMIKTED TO LABORATORY 
FOR CHEMICAL ANALYSIS. 

@ Li l lL IM POLE 

b SURVEY BENCHMARK 

PRIMARY USAGE AREA 
-- - EDGE OF ROAD 

---- 
ELEVATION OF CONTOUR IN FEET ABOVE SEA LEVEL 

-X-X- FENCE 

0 CLOSED DEPRESSION 

SAMPLE LOCATION 
SAMPLE DEPTH IN FEET BELOW GROUND SURFACE 

CPROJECT AND LABORATORY QUALIFIER% 
QUALIFIERS ARE DEFINED IN TABLE 131. 
CONCENTRATIONS IN MILLIGRAMS PER KILOGRAM FOR 
SOlL OR MILLIGRAMS PER LITER FOR GROUNDWATER 
ANALYE - INCLUDES ALL DETECTED ORGANICS 

K N  TO HEALTH RISK NOTATION SYSTEM 
RECEPTOR 

'CHILD REsDEtir 
@I ADULT RESIDENT 
la COMMERCIAL WORKER 

RISK LEVEL/PIPE 
0 EXCEEDS 10-6 PRGc 

8 EXCEEDS PRGn 

IOTE: STATION LOCATIONS ON THE PLATE WITHOUT c EMICAL DATA INDICATE 
NO ORGANIC COMPOUNDS WERE DETECTED. THP PRG FOR TPH IN SOIL 
IS 100  MG KG AN0 IS BASED ON MONTERM COUNN DEPARTMENT 
OF ENVIRO~MENTAL HEALTH RECOMMENDATIONS; PRG EXCEEDENCES 
FOR TPH ARF NOT 



EXPLANATION 

sru-ss-cQ5~ HLA SURFACE SOlL SAMPLE LOCATION 

@ UTlUM POLE 

b SURMY BENCHMARK 

1 1 1  PRIMARY USAGE AREA 

--- EDGE OF ROAD 

-=+%F- ELEVATION OF CONTOUR 
IN FEET ABOVE SEA 
LEVEL 

-X-X- FENCE ~. 

n CLOSED DEPRESSION 

--- 

BARBED WIRE 

A w-SS-OZl * 

A SSJ-SS-Q23* 

. -~ ~~ ~ ..- .. .~ ~ - ~ ~~~~ -- ~ ~ ~ ~~ ~ ~~~ -~ 

Metals Detected in soil and Groundwater PLATE - 
Area I, Site 8 J  (S8J) 
Remedial Investigation/Feasibility Study - - .- - - - .  - - -  Fort Hunter Liggett, California 

JOB NUMBER DATE 

18 
RNISED DATE 

36101 05070102 

0 

t t L  PROJECT AN0 LABORATORY QUAUFIERS; 
QUAUFIERS ARE DEFINED IN TABLE 132 .  

-CONCENTRATIONS IN MILLIGRAMS PER KILOGRAM FOR 
SOlL OR MILUGRAMS PER LITER FOR GROUNDWATER 
ANALYTE - INCLUDES ALL DETECTED ORGANICS 

KEY TO HEALTH RISK NOTATION SYSTEM 

RECEPTOR 

CHILD RESIDENT 

l?a ADULT RESIDENT 

COMMERCIAL WORKER 

RISK L E V E L m E  
0 EXCEEDS 10-6  PRGc 

fl MCEEDS PRGn 

-n NOTE. STATION LOCATIONS ON THE PLATE WITHOUT CHEMICAL DATA 
INDICATE NO ORGANIC COMPOUNDS WERE OEfECSED. 

3, THE PRG FOR TPH IN SOIL IS 1 0 0  MG/KG AND IS BASED 
ON MONTEREY COUNTY DEPARTMENT OF ENVIRONMENTAL 

0" 
HEALTH RECOMMENDATIONS; PRG MCEEDENCES FOR TPH 

ha ARE NOT SHOWN ON THIS PLATE. 
2: l 

0 100 200 - 
SCALE I N  FEET 

* SAMPLES NOT SUBMInEO FOR LABORATORY 
CHEMICAL ANALYSIS. 



+ EA DEEP BORINGS, 
SHALLOW BORINGS, SURFACE 
SAMPLES, TRENCH SAMPLES 
(BY OTHERS) 

Eh-S8J-U':!-005 . .. 
EA GROUNDWATER 
MONITORING WELLS 
(BY OTHERS) 

S8J-SB-007 
~~ 

@ HLA SOIL BORINGS 

w-m-on 
H TRENCH SAMPLE LOCATIONS 

FORMER WASTE OIL TANK 

@ POLE 

AMPLE LOCATION 
AMPLE DEPTH IN FEET 
ELOW GROUND SURFACE 

INDICATES CONCENTRATIOF 
EXCEEDS MCDOH MCLs 

MILLIGRAMS PER KILOGRAM 

ANALYTE - INCLUDES 
DElECTED ORGANICS 
COMPOUNDS AND METALS 
EXCEEDING BACKGROUND 
CONCENTRAIONS 

0 TEMPORARY BUILDING 

iC> VEGETATION 

~~ 

SCALE IN FEET 



NRosa
Large







4.3 Building 290 Area 

4.3.1 Site Description and 
History 

The Building 290 Area (290), located within the 
former TEXCOM Experimentation Center 
(TEC) on Infantry Road, was used for electronic 
manufacturing operations and is now used for 
instrument fabrication and data storage 
(Plate 2). Plate 24 presents photographs of the 
site. The area includes two former RCRA- 
permitted sites of investigation: the hazardous 
materials storage and battery acid neutralization 
pit areas plate 25). Subareas of investigation 
within the hazardous materials storage area 
were the former waste oil sump and concrete 
pads that are foundations of buildings where 
hazardous materials are periodically stored. 
Areas of investigation at the battery acid 
neutralization pit area are the battery acid 
neutralization pit (RCRA-permitted) and the 
former metal etching trailer. 

The hazardous materials storage area is in an 
unpaved area east of Building 290. Hazardous 
materials used at the facility and potentially 
stored in this area include xylenes, 
petroleum-based thinners, toluene, 
trichloroethylene (TCE), and halogenated 
hydrocarbons (EA, 1992). 

Included in this area is a former RCRA- 
regulated 40-foot by 40-foot outdoor container 
storage unit. The unit consisted of two concrete 
pads approximately 5 feet by 20 feet, located at 
each end of the area, and the area between the 
pads, which is unpaved. While this unit was in 
operation, small containers and/or 55-gallon 
drums containing solvents and waste oils were 
reportedly stored in the unit until the materials 
were shipped offsite for recycling or disposal. 
Containers of hazardous waste are no longer 
stored in this area. The unit reportedly ceased 
operation in 1989 (HLA, 199.58. Near the 
hazardous materials storage area was a buried, 
open-top, %-gallon gravel-filled drum that was 
reportedly used for waste oil disposal until 
1975. The waste oil sump was removed in 1993 

as part of the Investigation of Eight Sites, and 
the hazardous materials storage area was 
removed in 1997 as part of the PTSs. 
Contaminated soil was also removed in these 
areas. DTSC approved clean-closure of the 
storage area and waste oil sump in 1997 
(DTSC, 19983). 

The former battery acid neutralization pit was 
on the north side of Building 290 and consisted 
of a below-grade, 5-foot by 5-foot concrete 
vault partially filled with limestone gravel 
(limerock). Between 1976 and 1987, spent 
battery acids were reportedly poured into the pit 
to percolate through the limerock before being 
discharged to the sanitary sewer (HLA, 1995$. 
Plumbing diagrams for Building 290 show that 
plumbing from floor drains, a sink, and a 
shower led to the acid neutralization pit. A sink 
in a metal etching trailer about 60 feet west of 
the acid neutralization pit reportedly drained 
into piping that ran toward the pit. It is not 
known if fluids from the trailer were discharged 
to the pit before entering the sanitary sewer or 
were directly discharged to the sewer. The 
trailer burned down in 1987 and was replaced 
by a second trailer that is used for circuit board 
manufacturing. The new trailer had piping that 
drained into the pit, but the trailer has been 
replumbed so that piping discharges directly to 
the sanitary sewer. The battery acid 
neutralization pit and associated piping were 
removed in 1996 as part of closure of the RCRA 
permit for the facility. The area was approved 
for clean-closure by DTSC in 1998 (DTSC, 
19983). 

4.3.2 Site Geology and 
Hydrogeology 

The Building 290 Area is in the upper 
San Antonio River Basin at an approximate 
elevation of 1,100 feet MSL. The site is 
situated within sloping terrain that has been 
locally modified by grading. A vegetated 
hillside is northeast of the site and an 
intermittent stream that flows south toward the 
San Antonio River is about 400 feet east of the 
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site. The San Antonio River is about 1 mile 
southwest of the site. 

Site soil has been mapped as Lockwood 
gravelly sandy loam (Carpenter et al., 1924). 
Geologic maps of the area show that the site is 
underlain by Quaternary alluvium 
(Dibblee, 1971). Logs for borings drilled at the 
site indicate that the alluvial deposits are locally 
composed of silty, clayey, and calcareous sand, 
sandy clay, and gravel with pebbles, cobbles, 
and rock fragments. Caliche layers have been 
logged in several soil and well borings 
(EA, 1990; 1992). The Plio-Pleistocene Paso 
Robles Formation appears to underlie part of the 
site. This formation comprises 
semiconsolidated deposits of gravel, sand, and 
rock fragments interbedded with fine-grained 
sediments (Durham, 1974). Table 5 presents a 
summary of geologic and hydrogeologic 
information at the site. 

Water levels fluctuate seasonally and annually 
at 290, with depths to water ranging between 28 
and 80 feet bgs and groundwater elevations 
ranging from 1012 to 1068 feet MSL. 
Calculated horizontal gradients have ranged 
between 0.067 and 0.25 foot per foot and the 
generalized direction of groundwater flow has 
been west, southwest, and northwest (Plate 26) 
(HLA, 19973). Hydraulic conductivity and 
transmissivity values have been calculated from 
slug tests conducted in wells screened in upper 
zones (25-68 feet bgs) and lower zones 
(60-89 feet bgs). Hydraulic conductivity values 
in the upper zone ranged from 0.002 to 0.6 foot 
per day (Wday) and in the lower zone, from 
0.008 to 0.012 ft/day. Calculated transmissivity 
values range from 0.6 to 5.0 square feet per day 
(ft2/day) (EA, 1990). 

4.3.3 Biological Resources 

The results of the biological resource study 
performed at Building 290 are summarized in 
Appendix C. The Building 290 Area is in a 
developed and highly disturbed area within the 
former TEC Area of the Main Garrison. The 
site is located along Infantry Road at an 

elevation of approximately 1,090 feet. Building 
290 Area consists of buildings, paved roadways, 
and parking lots, interspersed with patches of 
managed landscape and mature valley oak 
(Quercus lobata) trees. 

Developed areas with structures, associated 
landscaping, parking lots, and roadways provide 
opportunities for ruderal plants and wildlife that 
tolerate high levels of human activity. 
Ornamental trees and shrubs provide nesting 
and roosting habitat for passerine (perching) 
birds such as the scmb jay (Aphelocoma 
coerulescens), European starling (Sturnus 
vularis), and house finch (Carpodacus 
mexicanus). Buildings provide potential roost 
sites for bats such as the Pacific western big- 
eared bat (Plecohcr t. townsendii). Reptiles such 
as the western fence lizard (Sceloporus 
occidentalis) also inhabit developed areas. 

The site is separated from blue oak woodlands 
to the north and east by developed lands and an 
8-foot-high chainlinklbarbed wire fence. Nearly 
pure stands of blue oak occur on well-drained, 
rocky, infertile soil where the water table is 
typically below the rooting depth of the trees. 
Plants that typify this community include an 
open canopy of blue oak with an understory 
composed primarily of wild oat, western fescue 
(Festuca occidentalis), and western poison oak. 
Oak trees form the base of a complex food web 
by providing pollen, acorns, leaves, twigs, and 
sap to a wide variety of resident and transient 
animals. Animals that typify blue oak 
woodlands include acorn woodpecker 
(Melanerpes formicivous), scrub jay, and 
columbian black-tailed deer (Odocoileus 
hemionus columbianus). The likelihood that 
any special-status plant or animal taxon occurs 
immediately surrounding Building 290 is low 
because the site is developed, actively used, and 
completely surrounded by developed lands. 

4.3.4 Summary of Remedial 
Investigations 

Four phases of investigation were conducted by 
EA and HLA between 1989 and 1996. This 

MAl/n56073F-FHL 
June 30,2000 

Harding Lawson Associates 30 



Remedial Investigations, Treatability Studies, and Remedial Action Areas 

MAI/YLS~O~~F-FHL Harding Lawson Associates 
June 30,2000 

31 

work included drilling and sampling 34 shallow 
(less than 5 feet bgs) and 7 deeper borings, 
installing and sampling 6 monitoring wells, 
removing the waste oil sump and excavating 
and sampling soil in its vicinity, collecting and 
analyzing sludge and water samples from the 
acid neutralization pit, and removal of the acid 
neutralization pit and associated piping. 
Plates 27 and 28 show the results of the 
investigation performed during the Investigation 
of Eight Sites (HLA, 1995~). Plate 29 shows the 
results of confirmation sampling after the 
battery acid neutralization pit was removed 
(HLA, 19978. 

compounds, indicating that contaminated soil 
was effectively removed. 

Battety Acid Neutralization Pit 
Area 

TRPH was detected in one soil sample from this 
area and potential laboratory contaminants have 
been detected in several samples. Sludge 
samples from the acid neutralization pit 
contained VOCs but soil samples collected 
adjacent to the piping between the former metal 
etching trailer and acid neutralization pit did not 
contain detectable VOC concentrations. 

The following sections discuss analytical results 
for organic compounds detected in soil in each 
of the primary areas of investigation. 

Former RCRA-regulated Container 
Storage Area 

Results of organic analyses of soil samples 
collected in the former RCRA-regulated 
container storage area indicate the presence of 
extractable petroleum hydrocarbons at 
concentrations exceeding 100 m a g  with a 
maximum concentration of 1,200 m a g  
(Plate 27). VOCs and SOCs were also detected 
at concentrations less than PRGs in soil samples 
collected from this area. As part of the PTS 
program, soil was excavated from the former 
RCRA-regulated container storage area. 
Confmation soil samples collected from the 
sidewalls and from the excavation showed 
nondetectable levels of petroleum hydrocarbons 
and VOCs. 

Former Waste Oil Sump 

The results of previous investigations indicated 
that the soil in and around the former waste oil 
sump area had contained elevated levels of 
TRPH, VOCs, and SOCs (Plate 27). As part of 
PTS, the waste oil tank was removed and 
stained soil was excavated from the around the 
sump. Confmation samples collected from the 
waste oil sump excavation showed 
nondetectable concentrations of these organic 

Except for arsenic, beryllium, one result for 
cadmium, and one result for lead, detected 
metals concentrations in soil in all three areas 
did not exceed PRGs. The sample location 
containing lead greater than PRGs was 
excavated during the site characterization 
program. Because cadmium exceedances were 
observed only in soil samples obtained at depths 
greater than 8 feet bgs, substantial exposure to 
potential receptors is not expected. Therefore, 
cadmium was not selected as a COC. 

Although two background exceedances were 
noted, the average concentration of detected 
beryllium in 0 to 3 feet bgs soil of 0.74 m a g ,  
was below the background concentration of 
1.25 m a g  and the maximum detected 
concentration of beryllium (1.38 mgikg) in this 
depth range is very close to background 
indicating that the observed exceedances were 
not significant (Plate 29) (HLA, 1995fi. In 
addition, the distribution of detections of 
beryllium do not indicate a relationship to any 
potential site sources. In deeper soils, (3 to 
10 feet bgs), detected concentrations of 
beryllium do not exceed construction worker 
PRGs. 

For arsenic, the average concentration of 
detections in shallow soil, 2.33 m a g  was 
below the background level of 7.42 mgikg. The 
peak concentration of arsenic detected in 
shallow soil of 11.1 mgkg was also close to the 
background concentration which indicates that 
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background exceedances were not significant 
(HLA, 1995~). In addition, the pattern of 
detections of arsenic do not indicate a 
relationship to any potential site sources. In 
deeper soils, (3 to 10 feet bgs), the detected 
concentrations of arsenic do not exceed 
construction worker PRGs. 

In 1996, the battery acid neutralization pit and 
associated piping were removed, and the area 
around the pit and the influent line from the 
former metal etching trailer were excavated 
(HLA, 1997e). The concrete pit was cleaned, 
sampled, and disposed as nonhazardous waste at 
a Class I11 facility. Conf ia t ion  samples were 
collected in and around the pit. Analytical 
results showed that no organic compounds were 
detected above reporting limits. Metals were 
detected, but only arsenic exceeded residential 
PRGs; however, arsenic did not exceed 
background concentrations. 

Groundwater 

Groundwater has been monitored quarterly from 
January 1995 through July 1998 (HLA, 19976, 
1998a, 1999). Detected organic compounds and 
metals detected in groundwater at 
concentrations exceeding MCLs and EPA PRGs 
through July 1997 are presented on Plate 26. 
Review of these data indicate the following: 

From September 1993 to December 1996, 
TRF'H were detected in five of nine samples 
from Well EA-MW-001, crossgradient of 
the former waste oil sump at concentrations 
ranging from 3.4 to 0.54 mgL. TRF'H was 
detected in one of nine samples from each 
of Wells EA-290-MW-002, -003, and -005 
at 3.5,2.9, and 2.1 mg/L, respectively. It 
should be noted that TRPH is suspect 
because the method (EPA Test Method 
418.1) does not identify which petroleum 
hydrocarbons are present and may report 
petroleum hydrocarbons that are not 
petroleum related, such as naturally 
occurring fatty acids from decomposition of 
organic matter. 

TPH quantified as fog oil was detected in 
one sample from Well EA-290-MW-003 in 
May 1995 at 0.58 mgL, but was not 
detected in the seven subsequent sampling 
rounds. TPH as diesel was detected in 
Wells EA-290-MW-002 and - 4 4  at 0.055 
and 0.1 10 mgL, respectively, in samples 
collected in July 1997. 

Ethylbenzene and total xylenes were 
detected in a sample collected from Well 
EA-290-MW-002 in September 1996 at 1 
and 6.3 pgL, respectively. Detected 
concentrations did not exceed the primary 
MCL for ethylbenzene and total xylenes of 
700 and 1,75 pgL. These compounds were 
not detected in the three subsequent 
sampling rounds. 

Acetone and BEHP, common laboratory 
contaminants, were detected in one sample 
from Well EA-290-MW-005 at 7 and 
4.5 pgL, respectively, in September 1993. 
The detected concentration of BEHP 
slightly exceeded the MCL of 4 p a .  
BEHP and acetone have not been detected 
in the last 10 quarters of monitoring. 

Di-n-butyl phthalate was detected in a 
sample from Well EA-290-MW-001 in 
December 1996 at 13 pgL. There is no 
established MCL for this compound. It has 
not been detected in samples from this well 
in the two subsequent sampling rounds. 

Antimony was detected above the primary 
MCL of 6 p g L  in the September 1993 
round and in one sample from Well EA- 
290-MW-005 in July 1997. The detection 
of antimony has been attributed to filters 
used during sample collection. 

Lead was detected at 6 p g L  and mercury 
was detected at 2.2 p g L  in samples 
collected from Well EA-290-MW-006 in 
February and May 1995, respectively. 
These metals have not been detected in the 
last nine sampling rounds. 
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Detected concentrations of arsenic have 
ranged from 3.4 to 9.1 u g h  samples from 
Wells EA-290-MW-002, -003, and -004; 
detected values exceeded the PRG of 
0.045 p a .  Thallium was detected at 
concentrations of 2.1 to 6.9 p a ,  which 
exceeded the primary MCL of 2 pgL, in 
samples from Wells EA-290-MW-001, 
-002, and -003. Thallium has been detected 
at similar concentrations in groundwater 
from other sites at FHL (HLA, 1997). 
Because arsenic and thallium were detected 
in Wells EA-290-MW-003 and -004, 
upgradient of potential source areas and 
because low concentrations of thallium 
seem to be ubiquitous in groundwater at 
FHL, the occurrence of arsenic and thallium 
would appear to represent background 
conditions and are not likely to be the result 
of site usage. 

Nickel has been detected above the MCL of 
0.1 m a  in samples from Wells EA-290- 
MW-001, -003, -004, -005 and -006; 
detected nickel concentrations have ranged 
from 0.033 to 5.1 m a .  Upgradient Wells 
Ea-290-003 and -004 contain nickel that are 
statistically lower than were detected in 
downgradient Well EA-290-MW-005. 
Detected nickel, however, is probably an 
artifact of metal used in well screens. Wells 
of similar construction at Fort Ord installed 
by the same contractor also have anomalous 
nickel concentrations detected in 
groundwater. 

In 1997, a groundwater Hydropunch 
investigation was conducted to address data 
gaps at the hazardous material storage area 
(HLA, 19973. Three borings were installed 
downgradient of the former waste oil sump and 
one boring downgradient of the former 
container storage area (Plate 26). Results of this 
investigation indicate that target analytes, TPH 
as diesel and motor oil, VOCs, and nickel, were 
not reported above their respective detection 
limits. 

4.3.5 Nature and Extent of 
Contamination 

This section summarizes the nature and extent 
of contamination in soil and groundwater. 
Table 6 presents statistical summaries of the 
occurrences of these COPCs and Plates 27 and 
28 illustrate their distribution in soil and 
groundwater. Analytical results presented in the 
table and posted on the two plates reflect 
existing conditions and do not include sample 
locations within the waste oil sump or PTS soil 
excavation limits. 

Soil 

Removal of the battery acid pit and associated 
contaminated soil was performed in 1996 as part 
of closure of the RCRA permit for this area. 
Similarly, the hazardous waste storage area and 
former waste oil sump were also closed as part 
of closure of the RCRA permit for this area. 

Groundwater 

Petroleum hydrocarbon compounds have been 
detected intermittently at low levels. Metals 
such as antimony and nickel have also been 
detected in groundwater above action levels. 

4.3.6 Human and Ecological 
Risk Assessment 

The risk assessment for the Building 290 Area 
was based on characterization investigation 
information (Appendix A). The following 
media were considered: surface soil (0 to 1 foot 
bgs), subsurface soil (1 to 3 feet bgs, 3 to 8 feet 
bgs, and >8 feet bgs), and groundwater. No 
human COPCs were identified at Building 290. 
Environmental COPCs identified at the site are 
toluene, benzo(g,h,I)perylene, and vinyl 
chloride in subsurface soil. An evaluation of 
detected concentrations of metals in soil 
indicated that except for lead detected in a soil 
sample removed during 1993 trenching 
activities, metals do not appear to be related to 
site usage; metals were therefore not selected as 
COPCs. Potential impacts of TPH detected in 
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soil and groundwater were evaluated using 
measured SOC concenhations because PAHs 
(e.g. benzo(a)pyrene) are generally considered 
to account for the toxicity of TF'H compounds. 
TPH compounds were therefore not selected as 
separate COPCs for risk characterization in the 
risk assessment. 

The distribution of COPCs was evaluated to 
identify possible current or future complete 
exposure pathways to environmental biota. 
Because no COPCs were identified at Building 
290, no complete exposure pathways were 
identified under current or future site.conditions. 
Accordingly, health effects associated with 
chemicals related to site activities are not 
expected. 

Building 290 Area is covered by buildings and 
pavement with areas of mderal vegetation and 
managed landscaping. No special-status animal 
or plant taxa have been observed or are expected 
at the site. Because the site is developed and 
actively used, detected concenhations of COPCs 
in subsurface soil are not of ecological concern. 

4.3.7 Pilot Treatability 
Studies 

Soil was excavated from the former hazardous 
waste storage area and former waste oil sump 
and heated using low temperature thermal 
desorption (LTTD) and asphalt stabilization 
(AS). Confmation samples were collected in 
the floor and sidewalls of the excavations. 
Analytical results showed concenhations of 
COPCs below action levels. A discussion of 
LTTD is presented in Section 4.1.7, and AS is 
described below. 

Asphalt Sta&iIi..tion 

Soil removed from the former waste oil sump 
(approximately 150 cy) was heated using 
asphalt stabilization and used to pave the road at 
FHL's primitive campground. PTS results 
indicate that emulsified heated base (ETB) 
produced by asphalt encapsulation of 
TF'H-contaminated soil is a feasible road base 

material as well as a potential substitute for 
Calhans Class 2 base rock. The ETB passed 
both waste extraction and bioassay tests for 
several different types of soil treated and is 
considered effective in binding petroleum 
hydrocarbon contamination in the soil 
aggregate. 

Asphalt s t a b i l i o n  is recommended for future 
use at FHL. Treatment rates can be achieved 
that would enable the technology to be readily 
intepted into a normal road construction 
process. However, to be cost effective, a use for 
the ETB at FHL would need to be identified. 

4.3.8 Comparison of Current 
Site Conditions to No 
Further Action Criteria 

The former battery acid neutralization pit and 
former hazardous materials storage area have 
been approved for clean-closure by DTSC under 
another program. This section summarizes 
current groundwater conditions with respect to 
the NoFA criteria presented at the beginning of 
Section 4.0. 

4.3.8.1 Adequacy of Site 
Characterization 

Groundwater has been adequately monitored at 
the site. Groundwater quality has been 
monitored downgradient of potential source 
areas. 

4.3.8.2 Comparison to 
Remediation Goals 
(Screening Levels and 
Risk Assessment) 

No further action was proposed for the area 
(HLA, 1993 based on the following: 

Groundwater samples collected from 
borings drilled downgradient of the former 
waste oil sump and container storage area 
indicate that target analytes are below 
detection Emits. 
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In the last four quarters of monitoring, 
organic compounds have not been detected 
at concentrations exceeding MCLs or PRGs. 

Thallium and arsenic have sporadically 
exceeded MCLs or PRGs in samples 
collected from upgradient and cross- 
gradient wells. Because these metals have 
been detected in upgradient wells and 
appear ubiquitous in groundwater at FHL, it 
is unlikely that these metals are the result of 
site usage, but rather that they occur 
naturally in groundwater. 

MATNL56073F-FHL 
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Nickel has been detected in upgradient, 
crossgradient, and downgradient monitoring 
wells at concentrations exceeding the MCL. 
Because nickel was not detected in 
Hydropunch groundwater samples collected 
from borings downgradient of the former 
waste oil sump and container storage area, it 
is likely that nickel is an artifact of metal in 
the well screens. 

4.3.9 Recommendation for 
Further Action 

No further action was approved by both the 
RWQCB and DTSC (RWQCB, 1997a,e, DTSC, 
1997b, 19986) 
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Table 5. Summary of Geologic and Hydrogeologic Information 
Building 290 Area 

Remedial InvestigationlFeasibility Study 
Fort Hunter Liggett, California 

Geology: 

Soil Thickness 

SoiUSediment Type 

40 to 90 feet* 

Lockwood gravelly loam; Quaternary 
alluvium and semiconsolidated Paso Robles 
Formation: Silty, clayey and calcareous sand, 
sandy clay, gravel, pebbles, cobbles, and rock 
fragments, occasional caliche layers 

Hydrogeology: 

Depth to Groundwater 
Elevation of Groundwater 

Flow Direction 

Gradient 

Hydraulic Conductivity 

28 to 80 feet bgs 
1012 to 1068 feet Mean Sea Level 

West, southwest, and northwest 

0.067 to 0.25 foot/foot 

0.002 to 0.6 f'dday (EA, 1990) 

bgs Below ground surface. 

* Quaternary alluvium is not easily differentiated from semiconsolidated alluvial deposits 
comprising the Paso Robles Formation. 
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Table 6. Statistical Summary of COPCs 
Building 290 Area 

Remedial lnvestigationlFeasibility Study 
Fort Hunter Liggett, California 

MediaICOC No. of Detected Minimum Maximum 
ValuesiNo. of Analyses Detected Value Detected Value Units 

Total Recoverable 5/20 50 8,870 m g k  
Petroleum Hydrocarbons 

Groundwater 

Nickel 

mgkg Milligrams per kilogram 
&L Micrograms per liter. 
ND Not detected. 
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4.4 Building EXP 52/57 

4.4.1 Site Description and 
History 

EXP is a vehicle maintenance facility on 
Mission Creek Road (Plate 2). Plate 30 presents 
photographs of E m .  Two waste oil containers 
were formerly located at the site approximately 
90 feet from the western comer of Building 
EXP 57 and a third waste oil UST and a grease 
rack (at Building EXP 52) were about 160 feet 
west of Building 57 (Plate 3 1). 

In February 1990, a waste oil container was 
discovered during construction of a concrete 
driveway at Building EXP 57. The container 
was a cylindrical, reusable engine shipping 
container that had been modified with a fill port. 
The Fort Ord Department of Engineering and 
Housing (DEW subsequently supervised the 
excavation of the container and discovered a 
second, similar underground waste oil container. 
Neither the capacities of these containers nor 
their depths were documented. During removal 
of the containers, a release was discovered and 
soil beneath the former container locations was 
excavated to about 15 feet bgs. The excavations 
were subsequently backfilled with imported fill. 

In April 1991, a 1,000-gallon waste oil UST was 
removed f?om an area close to the former 
Building EXP 52 grease rack (HLA, 1991). 

4.4.2 Site Geoiogy and 
Hydrogeology 

EXP is within the northwest-southeast trending 
San Antonio River Basin at an approximate 
elevation of 1,000 feet MSL. The site is 
approximately 0.8 mile east of the San Antonio 
River. Soil occurring at the site has been 
mapped as the gravelly phase of the Salinas 
loam (Carpenter et al., 1924). Review OF 
geologic literature and boring logs indicates that 
the site is underlain by Quaternary alluvium 
consisting of interbedded sand and clayey sand 
with gravel, gravel with sand, and silty sand to 
depths of approximately 26 feet (HLA, 19923; 

Dibblee, 1971). Bedrock was encountered in 
one well boring at 20 feet bgs. 

Depths to groundwater in onsite wells have 
varied between 5 and 15 feet and groundwater 
elevations have ranged from 994 to 1,004 feet 
MSL. The groundwater flow direction is 
generally south to southwest (Plate 32). The 
horizontal hydraulic gradient at the site has 
ranged from 0.01 to 0.03 foot per foot 
(HLA, 1995~). Depth to groundwater appears to 
vary seasonally and annually. Table 7 is a 
summary of geologic and hydrogeologic 
information specific to E D .  

4.4.3 Biological Resources 

Biological resources were evaluated in 1993 
using aerial photographs and site surveys 
(Appendix C). Building EXP 52/57 is 
southwest of Mission Creek Road within a 
6-acre building complex in the Main Garrison 
Area. The developed, level site is at an 
elevation of 1,010 feet and consists of several 
buildings, paved parking areas, and roadways 
enclosed by chainlink and barbed-wire fences. 
Ruderal vegetation occurs immediately east and 
west of the building complex, which is 
otherwise surrounded by non-native grassland. 

Animals expected to use this area are those 
typically associated with other developed lands 
at FHL. The likelihood that any special-status 
plant or animal taxon occurs onsite is low 
because the site is developed, actively used, and 
completely surrounded by developed lands. An 
ephemeral drainage from the building complex 
conveys water to a small seasonal wetland 
400 feet west of the site. This wetland may 
provide suitable habitat for California tiger 
salamander. 

4.4.4 Summary of Remedial 
Investigations 

Three phases of investigation were performed at 
the site by HLA between 1990 and 1993 that 
included drilling and sampling 10 soil borings, 
conducting a groundwater probe survey, and 
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installing and sampling seven monitoring wells 
(HLA, 1991,1992b, 1995b,c). 

Results of these investigations indicated that in 
the area of the former Building EXP 52 grease 
rack, petroleum hydrocarbons were present only 
in the upper 6 feet of soil (Plate 33) 
(HLA, 1995~). Analytical results of soil 
samples from borings drilled near the former 
Building EXP 57 waste oil container location 
indicated that petroleum hydrocarbons, VOCs, 
and SOCs were present below approximately 
16 feet bgs. Detected concentrations of 
petroleum hydrocarbons exceeded the MCDOH 
level, but detected VOC and SOC 
concentrations did not exceed PRGs. 

Analysis of soil metals data suggests that most 
of the detected metals were within the range of 
naturally occurring concentrations (Plate 34). 
Generally, most background exceedances were 
not attributed to site use. However, in Borings 
EXP-SB-008 and -009, located near the former 
Building EXP 52 grease rack, petroleum 
hydrocarbons were detected in soil samples 
which also showed molybdenum and lead at 
concentrations exceeding background; these 
results suggest that the detected metal 
concentrations may represent contamination due 
to site usage. 

Both organic and inorganic constituents have 
been detected in groundwater. Petroleum 
hydrocarbons and VOCs were detected in 
groundwater samples from Boring EXP-SB-002 
and from Wells EXP-MW-001 and -002. 
Toluene was detected in Well EXP-MW-007; 
the detected concentration did not exceed the 
MCL (HLA, 1995~). Benzene exceeded the 
MCL in samples from EXP-SB-002 and 
EXP-MW-001 and tetrachloroethene (PCE) 
concentrations exceeded the MCL in samples 
from EXP-MW-001. Antimony was detected at 
concentrations exceeding its MCL. However, 
the detection of antimony is believed to be 
derived from filters used to collect groundwater 
samples and is not considered representative of 
environmental conditions. 

As part of the PTS program, soil was excavated 
from the vicinity of the former Building EXP 57 
waste oil containers (Excavation 1) and the 
Building EXP 52 waste oil UST and grease rack 
(Excavation 2) (Plate 3 1). Prior to excavation, 
Monitoring Wells EXP-MW-001 and -002 were 
abandoned. After soil was excavated, 
confumation soil samples were collected from 
sidewalls and floors of Excavations 
EXP-EXC-001 and -002. Because the 
refrigeration system failed at the contract 
laboratory, temperature preservation limits for 
organic analysis were exceeded. Therefore, 
samples were re-collected by drilling soil 
borings at the excavation boundaries and soil 
samples were collected from the depths at which 
excavation samples had been previously 
collected, unless elevated flame ionization 
detector @ID) readings or staining were 
observed at other depths. Petroleum 
hydrocarbons were detected at 150 and 
2,100 mgkg in soil samples from Boring 
EXP-SB-025 at 22 feet bgs and in Boring 
EXP-SB-030 at 14.5 feet (Plate 35). Plate 36 
shows inorganic compounds detected in soil 
after the PTSs were completed. 

Following the PTS soil excavation program, 
three rounds of groundwater samples were 
collected from the site as part of a basewide 
water quality monitoring program. In the last 
three sampling events, TRPH was detected in 
Wells EXP-MW-004, -005, -006, but SOCs and 
VOCs have not been detected, nor have 
inorganic compounds been detected at 
concentrations exceeding MCLs. 

In 1997, because there were no monitoring wells 
downgradient of two of the former USTs at 
EXP, groundwater samples were collected from 
two borings (EXP-HP-026 and -027) to assess 
the presence of petroleum hydrocarbons and 
VOCs downgradient of Excavation A (Plate 32) 
(HLA, 1997d. Results of this investigation 
indicated that target analytes (TPH as diesel and 
motor oil and VOCs) were not detected in 
groundwater samples collected from these two 
borings. 
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4.4.5 Human and Ecological 
Risk Assessment 

The risk assessment for the EXP was based on 
the site characterization investigation 
information and is presented in Appendix A. 
The following media were considered: surface 
soil (0 to 1 foot bgs), subsurface soil (1 to 3 feet 
bgs, 3 to 8 feet bgs, and >8 feet bgs,) and 
groundwater. Human COPCs are benzene and 
PCE in groundwater. No environmental COPC 
were identified. An evaluation of detected 
concentrations of metals in soil indicated that 
except for molybdenum and lead (detected at 
concentration less than PRGs), metals did not 
appear to be related to site activities. Metals 
were therefore not selected as COPCs. Potential 
impacts of TPH were evaluated using measured 
VOC and SOC concentrations because BTEX 
(VOCs) and PAHs (e.g., benzo(a)pyrene) are 
generally considered to account for the toxicity 
of TPH compounds. TPH compounds detected 
in soil at this site were therefore not selected as 
separate COPCs for risk characterization. 

4.4.6 Pilot Treatability 
Studies 

About 1,700 cubic yards of soil was excavated 
from two excavations (Excavations 1 and 2) and 
treated with AS and biological treatment. 
Excavation 1 was located around the area of the 
former waste oil container and Excavation 2 
was located around the area of the former waste 
oil UST and grease rack plate 3 1). About 
500 cy of soil was excavated and treated using 
AS, and about 1,200 cy of soil was treated using 
biological treatment. A description of the 
LlTD is presented in Section 4.1.7, and a 
description of AS is presented in Section 4.4.7. 
A description of biological treatment is 
presented below. Concentrations of organic 
compounds and metals in soil after the PTS 
were completed are shown on Plates 35 and 36. 

Biological Treatment 

In addition to treatment using asphalt 
stabilization, approximately 1,200 tons of soil 
was treated by bioremediation. Its effectiveness 

No complete exposure pathways were identified in reducing concentrations of petroleum 
considering current site conditions. Exposure to hydrocarbons in FHL soil could not be 
COPCs in groundwater is not e~~ectedbecause 
there are no drinking water wells in the site 
vicinity. Although exposure to COPCs in 
groundwater is unlikely, a future residential use 
scenario was evaluated to address potential 
health risks at the site. This evaluation used a 
hypothetical receptor assumed to be exposed to 
COPCs in groundwater through ingestion of 
drinking water and inhalation of vapors. 
Possible health risks for the receptor were 
estimated by comparing detected COPC 
concentrations with PRGs that addressed 
possible ingestion and inhalation (HLA, 1995~). 
Cancer risks of 5 x 10-5 and 2 x 10-4 were 
estimated for average and reasonable maximum 
exposure scenarios, respectively. Risk 
evaluation indicates potential non-cancer health 
effects are not expected. MCLs were exceeded 
in groundwater, indicating that adverse health 
effects may occur if the groundwater is used for 
domestic purposes. 

adequately determined. Initial concentrations in 
soil designated for biotreatment ranged from 
below detection limits to 1,000 mgkg. Study 
results did not indicate a clear reduction in 
hydrocarbon concentrations as measured using 
EPA Method 41 8.1 for TRPH. This could be 
attributed to the high molecular weight of the 
heavy petroleum hydrocarbons treated, which 
are more difficult for the microorganisms to 
break down, or to their low initial 
concentrations in soil. 

Based on these results, bioremediation is not 
recommended unless the soils have hydrocarbon 
concentrations above 1,000 mgkg (providing a 
more significant "food" source for the 
microorganisms) and unless the cleanup goal is 
higher than 100 mglkg. In addition, it could 
only be used where utilities are readily 
available, because the remote location of the 
treatment unit in the PTS increased expenditures 

MAl/n56073F-Ra 
June 30,2000 

Harding Lawson Associates 



Remedial Investigations, Treatability Studies, and Remedial Action Areas 

and made it more difficult to secure utilities and 
maintain their operability. 

4.4.7 Current Nature and 
Extent of 
Contamination 

Soil 

Potential source areas at EXP include three 
former waste oil USTs. The three USTs were 
removed in 1990 and 199 1. PAHs and VOCs 
were detected in soil samples collected in and 
around the former USTs. During the PTS, soil 
containing petroleum hydrocarbons was 
excavated. Soil samples collected in and around 
the two excavations showed concentrations of 
petroleum hydrocarbons, PAHs, and VOCs 
below action levels except for two samples 
collected at the eastem comer of Excavation 1 
(discussed below). 

Petroleum hydrocarbons characterized as 
nonpolar O&G (TRPH) were detected in two 
areas of the site as described below (Plate 35). 
At the southeast wall of Excavation 1, samples 
contained TRPH at 150 and 2,100 mgkg at 22 
and 14.5 feet below ground surface, 
respectively. 

At the sample location where 150 m a g  
nonpolar O&G (TRPH) was detected in soil at 
22 feet bgs, depth to bedrock is not known. The 
lateral extent of soil containing petroleum 
hydrocarbons at concentrations exceeding the 
MCDOH levels appears to be bounded on the 
northeast by EXP-SB-024, and on the southeast 
by EXP-SB-029, as no petroleum hydrocarbons 
were detected in soil samples collected from 
those borings. The areal extent to the northwest 
and southwest is uncertain as no samples were 
collected at those locations. 

At the sample location where 2,100 mgkg 
nonpolar O&G (TRPH) was detected in soil at 
14.5 feet bgs, the lateral extent of soil 
containing petroleum hydrocarbons at 
concentrations exceeding the MCDOH level 
appears to be bounded by Borings EXP-SB-004, 

-026, -029 and EXP-MW-005; petroleum 
hydrocarbons were not detected at 
concentrations greater than 100 m a g  at 16 and 
19.5 feet in EXP-SB-00420 feet in 
EXP-SB-026,15 feet in EXP-SB-029, or at 6, 
11, 16, and 19.5 feet in EXP-MW-005. 

Groundwater 

Groundwater has been monitored quarterly from 
January 1995 to July 1997 (HLA, 1997b, 
1998~). Seven wells have been monitored at 
EXP (Plate 37). These data indicate: 

Total xylenes have been detected in 
groundwater samples from Wells EXP- 
MW-001 and -002. Detected 
concentrations of benzene and 
tetrachlorethene exceeded primary MCLs. 
These wells were abandoned as part of the 
PTS program in June 1994. 

During an August 1995 soil sampling 
program, a grab groundwater sample was 
collected from an angle boring (EXP-SB- 
030) drilled downgradient and east of 
Excavation A. This sample was analyzed 
for TRPH and VOCs. Benzene was 
detected in the grab groundwater sample at 
a concentration of 0.34 p a ,  which is 
below the MCL of 1.0 p a  and EPA PRG 
of 0.38 p a .  Benzene has not been 
detected in any onsite wells in the last four 
sampling rounds. 

Petroleum hydrocarbons quantified as 
TRPH have also been detected in one 
sample from each of Wells EXP-MW-004, 
-005, and -006. The detection of TRPH is 
suspect because the method (EPA Test 
Method 41 8.1) does not identify which 
petroleum hydrocarbons are present and 
may report petroleum hydrocarbons that are - .  

not petroleum related, such as naturally 
occurring fatty acids from decomposition of 
organic matter. Because this test method is 
not considered to be quantitatively and 
qualitatively reliable, this analysis was 
discontinued in March 1997. Petroleum 
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hydrocarbon analysis has been performed 
using EPA Test Method 8015 (modified). 
Total petroleum extractable hydrocarbons 
have not been detected in groundwater at 
EXP since March 1992. 

Toluene was detected at 0.39 pg/L in one 
groundwater sample collected from Well 
EXP-MW-007 in December 1993. The 
detected concentration did not exceed the 
California MCL of 150 pg/L and toluene 
has not been detected in the last four rounds 
of sampling. 

0 Detected concentrations of lead and arsenic 
exceeded PRGs in one groundwater sample 
collected from upgradient Well EXP-MW- 
007 in December 1993. These metals have 
not been detected in groundwater in the 
subsequent four sampling rounds. 

Thallium was detected in groundwater at 
3.4 pg/L collected from Well EXP-MW-004 
during the third quarter 1997 monitoring 
event. This was the fust historical detection 
of this metal at EXP. Although the detected 
concentration was above the MCL, thallium 
is not expected to he the result of site usage 
(waste oil), and its detection is upgradient of 
onsite source areas. 

Table 8 presents statistical summaries of the 
occurrences of these COPCs. 

4.4.8 C~rnpasison of Current 
Site Conditions to No 
Further Action Criteria 

This section compared current site conditions 
against NoFA criteria discussed at the beginning 
of Section 4.0. 

4.4.8.1 Characterization of 
Potential Source Areas 

All known potential source areas have been 
adequately characterized. Monitoring wells are 
located downgradient of known source areas. 
Quarterly groundwater monitoring has been 
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conducted between 1996 and 1998. Additional 
groundwater monitoring rounds have been 
conducted during the various phases of site 
investigation. 

4.4.8.2 Comparison to 
Remediation Goals 
(Screening Levels and 
Risk Assessment) 

The following sections describe the volume and 
lateral and vertical extent of soil contamination 
at EXP. 

Soil 

The media cleanup standard for petroleum 
hydrocarbons in soil at EXP is the MCDOH 
level of 100 mgkg. Two areas were identified 
at EXP where petroleum hydrocarbons were 
detected in soil at concentrations exceeding the 
MCDOH level. 

There was a detection of TRPH above the 
MCDOH level in Boring EXP-SB-005 at the 
eastern corner of Excavation 1 (1 50 mgkg). 
This sample was collected below the water 
table. 

There was a detection of nonpolar oil and grease 
(TRPH) at a concentration of 2,100 mgkg in 
Boring EXP-SB-030. This concentration 
exceeded the MCDOH action level of 
100 mglkg. This sample was collected below 
the water table. 

With the exception of soil at the eastern comer 
of Excavation 1, soil containing chemicals 
above action levels have been removed. TRPH 
in soil at 14.5 and 22 feet bgs in Excavation 1 
does not Dose a risk to human health and the 
environment because potential receptors are 
unlikely to come into contact with soil at these 
depths. In addition, residual TRPH in soil does 
not appear to have adversely impacted 
groundwater because TPH has not been detected 
in nearby Well EXP-MW-005 in the last four 
quarters of monitoring. 
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Groundwater 

Review of site characterization data indicates 
that groundwater poses no risk, as outlined 
below: 

The direction of groundwater has been 
characterized as southeast to southwest 

Monitoring wells and HydroPunch borings 
have been placed downgradient of potential 
source areas 

The last four quarters of monitoring data 
indicate that organic compounds were not 
detected and inorganic compounds (except 
thallium) have not been detected above 
MCLs. As previously discussed, thallium is 
not likely to be derived from site usage 
because it was detected in a monitoring well 
upgradient of identified source areas and 
thallium is not commonly associated with 
waste oil. 

0 Groundwater samples collected from a slant 
boring (EXP-SB-030) and two HydroPunch 
borings (EXP-HZ'-026 and -027) located 
immediately downgradient of the former 
USTs show chemical concentrations below 
MCLs and EPA PRGs. 

4.4.9 Recommendation for 
Further Action 

Both RWQCB and DTSC have accepted FHL's 
NoFA request for this site (RWQCB, 1997d; 
DTSC, 1997~). 

MATM56073F-FHL 
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Table 7. Summary of Geologic and Hydrogeologic Information 
Building EX? 52/57 

Remedial InvestigationlFeasibility Study 
Fort Hunter Liggett, California 

I SoiVSediient Type 

Geology: 

Soil Thickness 

Salinas loam; Alluvium: Sand, clayey sand with 
gravel, gravel with sand and silty sand 

20 to 26 feet 

I( Rock Type Monterey Formation: Sandstone 

Depth to Groundwater 

Elevation of Groundwater 

Flow Direction 

Gradient 

5 to 15 feet bgs 

994 to 1,004 feet Mean Sea Level 

South to southwest 

0.010 to 0.03 footlfoot 
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Table 8. Statistical Summary of COPCs 
Building EXP 52/57 

Remedial InvestigationlFeasibility Study 
Fort Hunter Liggett, California 

MedidCOC No. of Detected Minimum Maximum 
ValuesiNo. of Analyses Detected Value Detected Value Units 

Oil and Grease 
Nonpolar O&G 
(TRpH) 

Groundwater 

Benzene 1 124 
Tetrachloroethene 0117 

mgkg Milligrams per kilogram. 
p Micrograms per liter. 
ND Not detected. 
NA Not applicable. 
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4.5 Former PX Facility 

(OPX) 

4.5.1 Site Description and 
History 

OPX (Building 122), located off Mission Road, 
was formerly a fueling station that is now a 
paved parking area for the FHL Fire Station 
(Plate 2). Plate 38 presents a photograph of the 
OPX. Three 5,000-gallon USTs were removed 
from the site in 1991, and the site was repaved 
(Plate 39). The age of the USTs is not 
documented. Records indicate that prior to 
removal, the USTs were used to store regular 
(leaded) and unleaded gasoline. During tank 
removal by SEMCO, indications of petroleum 
hydrocarbon-contaminated soil and a sheen on 
standing water in the excavation were observed. 
Additionally, during implementation of the PTS 
program, HLA discovered that several 
underground propane line leaks have occurred at 
the site. 

4.5.2 Site Geology and 
Hydrogeology 

The OPX is in the upper San Antonio River 
Basin at about 945 feet above MSL. Site soil 
has been mapped as Barron gravelly sandy loam 
(Carpenter et al., 1924). This soil is derived 
from unconsolidated alluvial deposits and has a 
high potential to absorb and retain water. 
Review of a geologic map of the area indicates 
that the site is underlain by Quaternary alluvium 
(Dibblee, 1971). The Paso Robles Formation 
reportedly crops out on the hillside north of the 
site. 

Logs of borings drilled at the OPX indicate that 
the alluvial deposits consist mostly of fine- to 
coarse-grained sand, silty sand, and clayey sand. 
Underlying the alluvium is highly weathered, 
poorly consolidated, conglomeratic sandstone, 
siltstone, and silty sandstone, possibly of the 
Paso Robles Formation. These units are 
generally so friable that they display soil-like 
properties. 
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Depths to groundwater in onsite wells have 
ranged from 36 to 43 feet bgs and groundwater 
elevations have ranged from 1,050 to 1,056 feet 
MSL. The direction of groundwater flow has 
been east to southeast and the hydraulic gradient 
has ranged from 0.004 to 0.017 foot per foot. 
Table 9 presents a summary of geologic and 
hydrogeologic information specific to the OPX. 

4.5.3 Biological Resources 

Biological resources were evaluated in 1993 
using areal photographs and site surveys. OPX 
is in a developed and highly disturbed portion of 
the Main Garrison Area. The site has an 
elevation of approximately 1,100 feet above 
MSL. The site slopes to the west and is 
surrounded by paved parking areas, roadways, 
and other buildings. Blue oak woodland and 
non-native grassland occur approximately 
200 feet north of the site. 

Animals expected to use this area are those 
typically associated with other developed lands 
at FHL. The likelihood that any special-status 
plant or animal taxon occurs onsite is low 
because the site is developed, actively used, and 
completely surrounded by developed lands. 

4.5.4 Summary of Remedial 
Investigations 

Three phases of investigation were performed at 
the OPX: (1) soil and water samples were 
collected for chemical analysis by SEMCO from 
the UST excavation during tank removal, 
(2) soil boring and groundwater samples were 
collected for chemical analysis by HLA during 
site characterization activities in 1993, and 
(3) soil boring and soil gas samples were 
collected by HLA during PTS activities at the 
site. In addition, groundwater samples have 
been collected from onsite wells as part of a 
basewide water quality monitoring program. 

At the time of UST removal in 1991, SEMCO 
collected four soil samples for TPHp/sTEX 
analyses from the tank excavation at depths of 
9.5 to 13 feet bgs. Two samples of standing 
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water observed above the water table in the 
excavation were also collected for TPHg 
analysis. As part of the site characterization 
program, three soil borings OPX-SB-001 
through -003 and three monitoring wells 
OPX-MW-001 through -003 were drilled, 
installed, and sampled. 

Petroleum hydrocarbons and ethylbenzene, 
toluene, and xylenes were detected in soil 
samples from three locations: (1) the former 
UST excavation, (2) Boring OPX-SB-002 
drilled in the footprint of the former USTs, and 
(3) Well OPX-MW-003 (Plate 41). Soil 
samples from the UST excavation and 
OPX-SB-002 had petroleum hydrocarbon 
concentrations greater than 100 mgkg. TPH 
concentrations in OPX-SB-002 appeared to 
increase with depth. 

Analytical results of groundwater samples 
collected during the 1993 site characterization 
program and 1995 water quality monitoring 
program show that benzene and toluene have 
been detected at least once in the three 
monitoring wells and benzene has been 
consistently detected in Well OPX-MW-003. 
One groundwater sample from OPX-MW-003 
contained benzene at the MCL of 1 pg/L 
(Plate 41). 

Four additional soil borings were drilled and 
converted to soil vapor extraction (SVE) Wells 
OPX-SV-001, -002, -003, and -004 as part of 
the PTS program (HLA, 1995g). Soil samples 
collected from OPX-SV-001 at a depth of 
17.5 feet bgs contained a TF'H concentration 
greater than 100 mgkg. Petroleum 
hydrocarbons were not detected in soil samples 
collected from other SVE borings. Eighteen soil 
gas probes were also installed at the site as part 
of the PTS to measure influence of SVE on 
surrounding soil and to assess the extent of soil 
gas propane concentrations. Propane was 
evaluated because it was detected in soil gas 
during a SVE pre-test. Propane was detected in 
all SVE wells and in 12 of 15 soil gas probes at 
concentrations ranging from 17 to 600,000 
ppmv (Plate 42). 

4.5.5 Nature and Extent of 
Contamination 

Table 10 presents a statistical summary of the 
COPCs at the site. 

Soil 

Petroleum hydrocarbons and ethylbenzene, 
toluene, and xylenes were detected in soil 
samples ffom three locations: (I) the former 
UST excavation, (2) Boring OPX-SB-002 
drilled in the footprint of the former USTs, and 
(3) Well OPX-MW-003. Soil samples from the 
UST excavation and OPX-SB-002 had 
petroleum hydrocarbon concentrations greater 
than 100 mgkg. TF'H concentrations in 
OPX-SB-002 appeared to increase with depth. 

Groundwater 

Groundwater has been monitored quarterly from 
January 1995 to July 1998 (HLA, 1997b, 1998a, 
1999). Low levels of petroleum hydrocarbons 
have been detected intermittently in 
groundwater wells. Benzene concentrations in 
groundwater have been at or near the MCL of 
1 ~pn. 

4.5.6 Human Health and 
Ecological Risk 
Evaluation 

The risk assessment for the OPX was based on 
the site characterization investigation (HLA, 
1995~)  to assess the need for remedial action. 
The following media were considered: surface 
soil (0 to 1 foot bgs), subsurface soil (I to 3 feet 
bgs, 3 to 8 feet bgs, and 28 feet bgs,) and 
groundwater. No human or environmental 
COPCs were identified. Potential impacts of 
TF'H were evaluated using measured VOC 
concentrations because BTEX (VOCs) are 
generally considered to account for the toxicity 
of TF'H compounds. TF'H compounds detected 
in soil and groundwater were therefore not 
selected as separate COPCs for risk 
characterization in the risk assessment. 
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The distribution of COPCs was evaluated to 
identify possible current or future complete 
exposure pathways to humans. No complete 
exposure pathways were identified considering 
current site conditions. Exposure to 
groundwater at OPX is not expected under 
current site conditions because no drinking 
water wells exist on or near the site. However, a 
future residential scenario was evaluated 
assuming a hypothetical receptor might be 
exposed to benzene in groundwater via 
ingestion of drinking water and inhalation of 
vapors during domestic use of water. Based on 
this scenario, potential excess cancer risks of 
2x10-6 and 5x10-6 were estimated for average 
and maximum exposure scenarios. 

4.5.7 Pilot Treatability Study 

Soil Vapor Extraction 

The soil vapor extraction (SVE) method was 
used at the Former PX facility where TPH as 
gasoline (TPHg) was detected above media 
Elemup standids in the backfill of an old UST 
excavation and in surrounding soil. The SVE 
system constructed included three vapor 
extraction wells connected to a thermal oxidizer 
through aboveground piping. To monitor soil 
gas concentrations, 15 soil vapor probes to 
10 feet bgs were installed in a radial array 
around the extraction system. An in situ 
treatment method was chosen for this site 
because contamination existed beneath a newly 
paved parking area within the active base Fire 
Station Complex where traffic was heavy. SVE 
implementation proved routine at this site, and 
operation of the system did not disrupt the 
active fire station parking and traffic areas. 

Concentrations of TPHg decreased over the 
course of the study, but during preliminary 
activities, unexpected high concentrations of 
propane were encountered in wells at the site. 
The presence of propane was attributed to leaks 
in the underground propane distribution piping, 
which is no longer in use. Operation of the SVE 
system reduced concentrations of propane and 
TPHg in soil vapors extracted from the wells 

(HLA, 1996b). Within the radius of influence of 
the SVE system (approximately 40 feet), 
propane removal was effective based on 
sampling of the 15 soil vapor probes. 

SVE is effective for in situ applications where 
removal of lower molecular weight (light) 
petroleum hydrocarbons (e.g., TPHg) is 
required. In the developed portion of the base, 
the SVE method would cause a minimum of 
disturbance from construction and operation 
activities. 

4.5.8 Comparison of Current 
Site Conditions to No 
Further Action Criteria 

This section compared current site conditions 
against NoFA criteria discussed at the beginning 
of Section 4.0. 

4.5.8.1 Characterization of 
Potential Source Areas 

All known potential source areas have been 
adequately characterized. Monitoring wells are 
located downgradient of known source areas. 
Quarterly groundwater monitoring has been 
conducted from 1993 to 1998. 

4.5.8.2 Comparison to 
Remediation Goals 
(Screening Levels and 
Risk Assessment) 

Soil 

The SVE PTS remediated soil with VOCs 
associated with the former UST at the site, 
specifically TPHg and BTEX. A confirmation 
boring installed after completion of the PTS 
indicated that concentrations of soil within the 
UST area were below the MCDOH soil cleanup 
levels of 100 mgkg for TPH and 1 mgkg for 
benzene. In addition, propane levels in 10 of 
the 14 probes and three SVE wells were reduced 
to below 2,000 ppmv. Concentrations at the 
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remaining locations were reduced to well below 
the propane LEL of 20,000 ppmv (HLA, 1996b). 

Groundwater 

Benzene concentrations in groundwater have 
been at or near the MCL of 1 pglL, since 
quarterly monitoring began in 1993. In 1998, an 
evaluation was performed to assess whether the 
OPX satisfied the RWQCB's low-risk criteria 
pursuant to the RWQCB's "Cleanup of Leaking 

criteria: beneficial use, non-aqueous-phase 
petroleum hydrocarbons, extent and mobility, 
passive bioremediation, and attainment of 
cleanup goals. Based on this evaluation, the 
RWQCB recommended no further water quality 
related action at the OPX. 

4.5.9 Recommendation for 
Further Action 

DTSC, MCDOH, and RWQCB have approved 
Underground Storage Tank" interim guidance FHL'S-NOFA request at this site ( D T S ~  1996b; 
memorandum (HLA, 199812). This evaluation RWQCB, 1 9 9 8 ~ ~  MCDOM; 1998). 
assessed groundwater conditions based on five 
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Table 9. Summary of Geologic and Hydrogeologic Information 
Former PX Facility 

Remedial InvestigationlFeasibility Study 
Fort Hunter Liggett, California 

Geology: 

SoiVSediment Type 

11 Rock Type 

Hydrogeology: 

Depth to Groundwater 

Elevation of Groundwater 

Flow Direction 

Gradient 

Approx. 15 feet 

Barron gravelly sandy loam; Alluvium: Sand, silty 
sand, clayey sand 

Paso Robles Formation: Conglomeratic sandstone, 
siltstone, and silty sandstone 

36 to 43 feet bgs 

1,050 to 1,056 feet Mean Sea Level 

East - Southeast 

0.004 to 0.017 footffoot 
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Table 10. Statistical Summary of COPCs 
Former PX Facility 

Remedial lnvestigationlFeasibility Study 
Fort Hunter Liggett, California 

No. of Detected 
MediumICOC ValuesNo. of Minimum Detected Maximum Units 

Analvses Value Detected Value 

Soil - 

TPH-D 5/22 61 540 
unknown 
TPH-G 3/34 200 1500 
unknown 
TPH-gasoline 2/34 17 360 

Propane 16/16 47 600,000 PPmv 

Groundwater 

Benzene 

mgkg Milligrams per kilogram. 
Microgram per liter. 

PPmv Parts per million vapor. 
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5.0 SUMMARY AND CONCLUSIONS 

Remedial investigation and feasibility study 
activities were performed at EBP, Site 8J, 290, 
EXP, and OPX from 1989 to 1998. Remedial 
action objectives were formulated prior to these 
activities to reduce risks to humans and the 
environment associated with contaminated soil 
and groundwater at each site, and to comply 
with applicable or relevant and appropriate 
requirements (ARARs). Remediation goals 
were formulated to assess fmal acceptable 
exposure levels and evaluate whether remedial 
action was necessary. These goals were based 
on established standards within the chemical- 
specific ARARs, and an exposure analysis 
performed as part of a screening level risk 
assessment. Screening action level standards 
that were used provided protection within the 
risk range of 10-4 to 10-7. 

Several phases of soil and groundwater remedial 
investigations were performed at the five sites. 
Analytical results were screened against 
screening action levels to assess the nature and 
extent of contamination in soil and groundwater. 
Human and ecological risk assessments were 
performed at sites where there was potential risk 
to human or ecological receptors. 

Based on the results of this evaluation, it was 
assessed that remedial actions would be 
required. Pilot treatability studies were 
performed at four of the five sites to evaluate 
the feasibility of several onsite treatment 
technologies (i.e., LTTD, AS, SVE, and 
biodegradation) to treat contaminated soil. 

After treatability studies were completed, site 
conditions were compared to criteria developed 
to assess whether further action was necessary. 
At all sites, no further action was proposed. 
Regulatory agencies approved no further action 
at all sites. 

The following sections summarize the results of 
the remedial investigation and PTSs. 

5.1 Remedial Investigation 
Summary 

Existing Fire DnW Bum Pit 

The EBP was a fenced area in the central 
portion of FHL on a river terrace vegetated by 
non-native grassland and valley oaks. Former 
source areas at the EBP included the burn pit, 
the aboveground fuel tanks and piping, and the 
fog oil drum and metal disposal areas. The bum 
pit was used from 1976 to 1989 for burning 
off-specification fuels and possibly fog oil 
during fuefighting training. 

Results of these investigations indicated that 
organic compounds including TRPH, BTEX, 
and SOCs were detected throughout the soil 
profile in all three source areas investigated 
(burn pit, fuel storage, and drum burial). 
Petroleum hydrocarbons and related compounds 
detected in surface soil and weathered bedrock 
may have resulted from practices employed 
during fire-fighting exercises performed at the 
bum pit or from sources such as buried fog oil 
drums and former oil disposal pits. It was 
assessed that although no potential risk to 
human or ecological receptors was present, 
concentrations of COPCs were above screening 
action levels. 

A pilot treatability study using LTTD was 
performed at the site. Five excavations were 
performed and 9,500 cubic yards (cy) of 
material was excavated and treated using LTTD. 
Confirmation sampling from the excavations 
showed that most of the contaminated soil was 
removed. 

No further action was proposed and approved by 
regulatory agencies because: 

Potential source areas (the former bum pit, 
aboveground fuel storage tanks, product 
conveyance lines, fire drill tank, and 
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Summary and Conclusions 

dmm/Scrap metal disposal areas) have been 
adequately characterized. 

Residual TPH compounds present in soil 
above MCDOH action levels do not pose a 
significant risk to potential human receptors 
because 

- the most toxic constituents, PAHs and 
BTEX, were detected at concentrations 
less than the PRGs in soil shallower 
than six feet bgs. 

- Most of the MCDOH screening level 
exceedances occurred at depths (8.5 to 
20.5 feet bgs) at which potential human 
or ecological receptors are unlikely to 
come into contact with soil. 

- TPH and the mobile toxic constituents 
of petroleum hydrocarbons (BTEX) 
have not been detected in groundwater 
in the last eight rounds of groundwater 
sampling. 

Data from monitoring wells indicate that, 
with the exception of BEHP and cadmium, 
target analytes (TPH, SOCs, BTEX, and 
metals) have not been detected at 
concentrations exceeding action levels in 
the last eight rounds of quarterly 
groundwater samples collected at the site. 
Detections of BEHP and cadmium are not 
considered to be significant because BEHP 
is a common laboratory contaminant, and 
therefore, its detection is suspect, and 
background statistical calculations have 
indicated that cadmium is naturally 
occurring. 

Site 8J 

S8J, located off San Miguelito Loop Road, 
comprises a tracked-vehicle parking area 
(Area I); a former waste oil tank area 
(RCRA-regulated unit), a second former waste 
oil tank location, existing fill pad and waste oil 
tank (which stores waste oil less than 90 days), 
vehicle maintenance area, and former hazardous 

materials storage area (RCRA-regulated unit) 
(Area 11); and an intermittent stream and 
constructed pond (Area 111). 

Five phases of investigation were conducted at 
this site by EA, SEMCO, and HLA between 
1989 and 1994. These investigations comprised 
the following work at each of three areas. 
Surface soil samples from Area I contained 
TRPH at concentrations up to 2,700 m a g  and 
extractable petroleum hydrocarbons at a 
maximum concentration of 290 m a g .  RCRA- 
permitted areas were clean-closed under another 
program. In Area 111, detected VOCs included 
toluene, 4-methylphenol, and potential 
laboratory contaminants acetone, 
dichloromethane (methylene chloride), and 
dimethylphthalate. Reported levels were below 
PRGs. 

Sporadic detections of benzene, toluene, MIBK, 
BEHP, and TPH as diesel were detected prior to 
1993 in groundwater. Concentrations of 
antimony, selenium and nitrate above MCLs 
were also detected intermittently over the 
10 years of sampling. 

Area I is still in use as a vehicle parking area for 
training operations and is not proposed for 
closure at this time. The two RCRA-permitted 
areas that comprise Area I1 have been approved 
for clean-closure by DTSC. Site conditions at 
Area 111 and groundwater are recommended for 
no further action because: 

Organic compounds were reported at 
concentrations below PRGs in soil and 
sediment collected from Area III. 

Benzene has not been detected above MCLs 
since June 1991 

Except for antimony, nitrate, and selenium, 
the analytical results of groundwater 
samples collected from monitoring wells 
located downgradient of known source areas 
were below MCLs andor PRGs. The 
probable source of antimony was filters 
used to sample groundwater, based upon a 

MAlffL56073F-FHL 
June 30.2000 

Harding Lawson Associates 48 



Summaw and Conclusions 

comparison of filtered and unfiltered 
samples collected and analyzed during the 
Eight Sites Characterization Investigation 
(HLA, 1995). Of the ten nitrate MCL 
exceedances, none were determined to he 
statistically different from the background 
values. It is believed that elevated levels of 
nitrate are naturally occurring at Site 8J. 
Detections of selenium are sporadic with 
two above MCLs. Because of sporadic 
detections and the knowledge that selenium 
also naturally occurs, it is not helieved to he 
a COPC. 

Building 290 

The Building 290 Areg located within the 
former TEC on Infantry Road, was used for 
electronic manufacturing operations and is now 
used for instmment fabrication and data storage. 
The area included two RCRA-permitted sites of 
investigation: the hazardous materials storage 
and battery acid neutralization pit areas. 
Subareas of investigation within the hazardous 
materials storage area were the former waste oil 
sump and concrete pads that are foundations of 
buildings where hazardous materials are 
periodically stored. Areas of investigation at 
the battery acid neutralization pit area were the 
battery acid neutralization pit (RCRA- 
permitted) and the former metal etching trailer. 

Four phases of investigation were conducted by 
EA and HLA between 1989 and 1996. This 
work included drilling and sampling 34 shallow 
(less than 5 feet bgs) and 7 deeper horings, 
installing and sampling 6 monitoring wells, 
removing the waste oil sump and excavating 
and sampling soil in its vicinity, collecting and 
analyzing sludge and water samples from the 
acid neutralization pit, and removal of the acid 
neutralization pit and associated piping. 

Results of organic analyses of soil samples 
collected in the former RCRA-regulated 
container storage area indicated the presence of 
extractable petroleum hydrocarbons at 
concentrations exceeding 100 mgkg with a 
maximum concentration of 1,200 mgkg. The 

results of investigations of the former waste oil 
tank indicated that the soil in and around the 
former waste oil sump area had contained 
elevated levels of TRPH, VOCs, and SOCs. 
Sludge samples collected from the acid 
neutralization pit contained VOCs. Both the 
former acid neutralization pit and hazardous 
materials storage areas have been remediated 
and clean-closed under another program. 

In groundwater, detected organic compounds 
and metals have exceeded MCLs and EPA 
PRGs. Detected compounds include TRPH, 
TPH as fog oil, ethylbenzene, xylenes, acetone, 
BEHP, antimony, lead, arsenic, thallium, and 
nickel. 

Soil was excavated from the former hazardous 
waste storage area and former waste oil sump 
and treated using low temperature thermal 
desorption (LTTD) and asphalt stabilization 
(AS). Confirmation samples were collected in 
the floor and sidewalls of the excavations. 
Analytical results showed concentrations of 
COPCs below action levels. 

No further action was proposed for groundwater 
because: 

Groundwater samples collected from 
horings drilled downgradient of the former 
waste oil sump and container storage area 
indicate that target analytes are below 
detection limits. 

In the last four quarters of monitoring, 
organic compounds have not been detected 
at concentrations exceeding MCLs or PRGs. 

Thallium and arsenic have sporadically 
exceeded MCLs or PRGs in samples 
collected from upgradient and cross- 
gradient wells. Because these metals have 
been detected in upgradient wells and 
appear ubiquitous in groundwater at FHL, it 
is unlikely that these metals are the result of 
site usage hut rather occur naturally in 
groundwater. 
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Nickel has been detected in upgradient, 
crossgradient, and downgradient monitoring 
wells at concentrations exceeding the MCL. 
Because nickel was not detected in 
HydroPunch groundwater samples collected 
from borings downgradient of the former 
waste oil sump and container storage area, it 
is likely that nickel is an artifact of metal in 
the well screens. 

Regulatory agencies accepted no further action 
at the site. 

Building EXP 52/57 is a vehicle maintenance 
facility on Mission Creek Road. Two waste oil 
containers were formerly located at the site 
approximately 90 feet from the western comer 
of Building EXP 57 and a third waste oil UST 
and a grease rack (at Building EXP 52) were 
about 160 feet west of Building 57. In 
February 1990, a waste oil container was 
discovered during construction of a concrete 
driveway at Building EXP 57. The Fort Ord 
DEH subsequently supervised the excavation of 
the container and discovered a second, similar 
underground waste oil container. During 
removal of the containers, a release was 
discovered and soil beneath the former 
container locations was excavated to about 
15 feet bgs. The excavations were subsequently 
backfilled with imported fill. In April 1991, a 
1,000-gallon waste oil UST was removed from 
the area next to the former Building EXP 52 
grease rack. 

Three phases of investigation were performed at 
the site by HLA between 1990 and 1993 that 
included drilling and sampling 10 soil borings, 
conducting a groundwater probe survey, and 
installing and sampling seven monitoring wells. 

Results of these investigations indicated that in 
the area of the former Building EXP 52 grease 
rack, petroleum hydrocarbons were present only 
in the upper 6 feet of soil. Analytical results for 
soil samples from borings drilled near the 
former Building EXP 57 waste oil container 

location indicate that petroleum hydrocarbons, 
VOCs, and SOCs were present below 
approximately 16 feet bgs. Detected 
concentrations of petroleum hydrocarbons 
exceeded the MCDOH level, but detected VOC 
and SOC concentrations did not exceed PRGs. 

Both organic and inorganic constituents have 
been detected in groundwater. Petroleum 
hydrocarbons and VOCs have been detected 
intermittently in groundwater samples, with the 
highest concentrations detected at the location 
of the buried former waste oil container. 

A PTS program was performed that excavated 
soil from the vicinity of the former Building 
EXP 57 waste oil containers and the Building 
EXP 52 waste oil UST and grease rack. The 
soil was treated using AS and biodegradation. 

Following the PTS soil excavation program, 
three rounds of groundwater samples were 
collected from the site as part of a basewide 
water quality monitoring program. In the last 
three sampling events, TRPH was detected in 
Wells EXP-MW-004, -005, -006, but SOCs and 
VOCs have not been detected, nor have 
inorganic compounds been detected at 
concentrations exceeding MCLs. 

After excavation activities had been completed, 
petroleum hydrocarbons exceeding action levels 
were present at 14.5 and 22 feet bgs at 
concentrations of 150 and 2,100 mgkg, 
respectively. 

No further action was proposed and accepted by 
regulatory agencies for the site because: 

Levels of petroleum hydrocarbons 
remaining in soil are at depth and do not 
pose a risk to human or ecologic receptors. 

The direction of groundwater has been 
characterized. 

Monitoring wells and HydroPunch borings 
have been placed downgradient of potential 
source areas. 
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The last four quarters (September 1996 to 
July 1997) of monitoring data indicate that 
organic compounds were not detected and 
inorganic compounds (except thallium) 
have not been detected above MCLs. As 
previously discussed, thallium is not likely 
to be derived from site usage because it was 
detected in a monitoring well upgradient of 
identified source areas and thallium is not 
commonly associated with waste oil. 

Groundwater samples collected from a slant 
boring (EXP-SB-030) and two Hydropunch 
borings (EXP-HP-026 and -027) located 
immediately downgradient of the former 
USTs show chemical concentrations below 
MCLs and EPA PRGs. 

Former PX Faciliw 

The Former or Old PX Facility, located off 
Mission Road, was formerly a fueling station 
that is now a paved parking area for the FHL 
Fire Station. Three 5,000-gallon USTs were 
removed from the site in 1991, and the site was 
repaved. During tank removal, indications of 
petroleum hydrocarbon-contaminated soil and a 
sheen on standing water in the excavation were 
observed. Additionally, during implementation 
of the PTS program, HLA discovered that 
several underground propane line leaks have 
occurred at the site. 

Three phases of investigation were performed at 
the OPX: (1) soil and water samples were 
collected for chemical analysis by SEMCO from 
the UST excavation during tank removal, 
(2) soil boring and groundwater samples were 
collected for chemical analysis by HLA during 
site characterization activities in 1993, and 
(3) soil boring and soil gas samples were 
collected by HLA during PTS activities at the 
site. In addition, groundwater samples have 
been collected from onsite wells as part of a 
basewide water quality monitoring program. 

Petroleum hydrocarbons and ethylbenzene, 
toluene, and xylenes were detected in soil 
samples from three locations: (1) the former 

UST excavation, (2) Boring OPX-SB-002 
drilled in the footprint of the former USTs, and 
(3) Well OPX-MW-003. Soil samples from the 
UST excavation and OPX-SB-002 had 
petroleum hydrocarbon concentrations greater 
than 100 mgkg. T'PH concentrations in 
OPX-SB-002 appeared to increase with depth. 
Low levels of petroleum hydrocarbons have 
been detected intermittently in groundwater 
wells. Benzene concentrations in groundwater 
have been at or near the MCL of 1 pg/L. 

A soil vapor extraction (SVE) PTS was used at 
the Former PX facility to clean up contaminated 
soil. The SVE system included three vapor 
extraction wells connected to a thermal oxidizer 
through aboveground piping. SVE remediated 
soil with VOCs associated with the former UST 
at the site, specifically TPHg and BTEX. A 
confumation boring installed after completion 
of the PTS indicated that concentrations of soil 
within the UST area were below the MCDOH 
soil cleanup levels of 100 mgkg for T'PH and 
1 mgkg for benzene. In addition, propane 
levels in 10 of the 14 probes and three SVE 
wells were reduced to below 2,000 ppmv. 
Concentrations at the remaining locations were 
reduced to well below the propane LEL of 
20,000 ppmv. 

No further action was recommended and 
approved by regulatory agencies because: 

Benzene concentrations in groundwater 
have been at or near the MCL of 1 p a ,  
since quarterly monitoring began in 1993. 

A 1998 evaluation was performed to assess 
whether the OPX satisfied the RWQCB's 
low-risk criteria. Based on this evaluation, 
the RWQCB recommended no further water 
quality related action at the OPX. 

5.2 Summary Evaluation of 
PTS Soil Technologies 

PTS results indicate that three technologies 
appear to be effective for treatment of petroleum 
hydrocarbon contaminated soil at FHL: 
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low-temperature thermal desorption (LTTD), 
soil vapor extraction (SVE), and asphalt 
stabilization (AS). 

SVE is effective for in situ applications where 
removal of lower molecular weight (light) 
petroleum hydrocarbons (e.g., TPHg) is 
required. AS and LTTD are effective for ex situ 
treatment of soil contaminated with light 
hydrocarbons or with heavier hydrocarbons 
(TPH-h); soils contaminated with heavier 
hydrocarbons characterize the bulk of impacted 
soil at FHL. In the developed portion of the 
base, the SVE method would cause a minimum 
of disturbance from construction and operation 
activities. LTTD and AS both involve 
significant disruption during construction, 
earth-moving, and treatment activities and 
require large staging areas, so they are more 
appropriate for remote locations. LTTD, in 
particular, is highly disruptive because of noise, 
emissions, and the longer time periods required 

to treat the soil. The potential impact of AS 
activities near a site could be minimized by 
staging the unit adjacent to an area identified for 
placement of the resulting ETB. 

The type of COPC in soil at each site and the 
site-specific geology also affect the selection of 
technology. The typical low-permeability 
geologic units found at FHL require relatively 
close well spacing to make the application of 
SVE effective. LTID is not recommended for 
treatment of any soil containing Monterey shale, 
which is a less common geologic material found 
at FHL, the shale generated a great quantity of 
smoke and dust when treated by LTTD in the 
PTS. Effectiveness of AS did not appear to be 
affected by the geologic materials used as the 
aggregate in the ETB. AS mixes should be 
designed on the basis of physical testing of the 
soil to be treated if the resulting asphalt base is 
to meet Caltrans specifications. 

U41m56073F-FHL 
June 30,2000 

Harding Lawson Associates 



6.0 REFERENCES 

Beach-Philpot Associates, Architects and 
Planning Engineers (BPA), 1983. The Master 
Plan for Fort Hunter Liggett, California. Basic 
Information Maps. November. 

Biosystems Analysis, Inc., 1993. Preliminary 
Report: Cultural Resources Survey for 
Investigation of Eight Sites of Concern, Fort 
Hunter Liggett. November 14. 

1994. Historic Preservation Plan, Fort 
Hunter Liggett Military Installation, California. 
Prepared for the U.S. Army Corps of Engineers, 
Sacramento District. 

California Environmental Protection 
AgencyDepartment of Toxic Substances 
Control (DTSC), 1995. Department of Toxic 
Substances Control, Lead Agency Designation, 
January 3. 

1996a. DoD -Fort Hunter Liggett; 
Closure Report, Soil Vapor Extraction Pilot 
Treatability Study, Old PX Facility, Fort Hunter 
Liggett, California. August 19. 

A 1996b, Closure Report: Soil Vapor 
Extraction Pilot Treatability Study, Old PX 
Facility, Fort Hunter Liggett. August 19. 

1997a. Recommendation for No Further 
Action, Building EXP 52/57 -Fort Hunter 
Liggett, December 16. 

1997b. Recommendation for No Further 
Action, Building 290 Area - Fort Hunter 
Liggett, December 17. 

A 1998a. Recommendation for No Further 
Action, Abandoned Bum Pit - Fort Hunter 
Liggett (December 1997). June 10. 

1998b. Approval of Final RCRA 
Closure Report and Certifications for the Acid 
Neutralization Pit at Building 290, Container 
Storage Area at TEC Site 85, and the Former 

Waste Oil Underground Storage Tank, U.S. 
Army Reserve, Fort Hunter Liggett, Jolon, 
Monterey County, California 93928, EPA ID 
No. CA 8 210 020 436. October 21. 

California Environmental Protection Agency, 
Regional Water Quality Control Board, Central 
Coast Region (RWQCB), 1996a. DoD - Fort 
Hunter Liggett, Investigation of Eight Sites, 
Fort Hunter Liggett, California, Volumes I - 
VII, Final, March 24, 1995. March 1. 

A 1996b. DoD -Fort Hunter Liggett, 
Underground Waste Oil Tank Investigation, 
Site 8J, Addendum to Investigation of Eight 
Sites, Fort Hunter Liggett, California (Draft, 
January 6, 1995, and Final, November 20, 
1995). March 1. 

1997a. DoD - Fort Hunter Liggett; 
Updated Basewide Recommendations, Fort 
Hunter Liggett, Fort Hunter Liggett, California. 
March 21. 

A 1997b. DoD -Fort Hunter Liggett, 
Technical Memorandum PTS-10, Pilot 
Treatability Studies, Fort Hunter Liggett, 
California, April 24. 

A 1997c. DoD - Fort Hunter Liggett, Final 
RCRA Closure Certification Report, Building 
290 and TEC Site 8J, Fort Hunter Liggett, 
California, September 18. 

A 1997d. DoD - Fort Hunter Liggett, 
Request of No Further Action for Sites at Fort 
Hunter Liggett, California. November 26. 

A 1997e. DoD -Fort Hunter Liggett; 
Request for No Further Action For Sites at Fort 
Hunter Liggett, California. November 26. 

1998a. DoD -Fort Hunter Liggett; 
Recommendation for No Further Water Quality 
Related Action, Former PX Facility, Fort Hunter 
Liggett, California. March 4. 

MAJiYL56073F-FHL 
June 30,2000 

Harding Lawson Associates 



References 

1998b. DoD - Fort Hunter Liggett; 
Recommendation for No Further Action 
(NoFA), Existing Fire Drill Bum Pit, Fort 
Hunter Liggett, California. September 16. 

Carpenter, E.J., A.E. Kocher, and F.O. Youngs, 
1924. Soil Survey of the King City Area, 
California. US Department of Agriculture, 
Series 1924, Number 24. 

Dibblee, T.W., 1971. Geologic maps of 17 
Fifteen Minute Quadrangles (1:62,500) along 
the San Andreas Fault in the Vicinity of King 
City, Coalinga, and Panoche Valley and Paso 
Robles, California. USGS Open-File 
Report 71-0087. 

Durham, D.L., 1974. Geology of the Southern 
Salinas Valley Area, California. USGS 
Professional Paper 819. 

EA Engineering, Science, and Technology 
(EA), 1990. Final Site Investigation Report, 
Fort Ord and Fort Hunter Liggett, California. 
February. 

Harding Lawson Associates, 1991. Building 
EXP 57 Waste Oil Spill Investigation, 
Fort Hunter Liggett, California. July 9. 

1992. Draft Remedial Investigation 
Report, Site FHL-004: Building 290, Site FHL- 
005: 85 Motor Pool. February. 

1992a. Remedial Investigation, Existing 
Fire Drill Bum Pit, Fort Hunter Liggett, 
California. Draft. February 6. 

1992b. Soil and Groundwater 
Investigation, Building EXP 57, Fort Hunter 
Liggett, California. Preliminary Draft. May 18. 

1995a. Technical Memorandum SC-2, 
Pre-Design Evaluation, Hydropunch Sampling 
Results, Former PX Facility, Fort Hunter 
Liggett, California. January 4. 

1995b. Soil and Groundwater 
Investigation, Bldg. EXP 57, Fort Hunter 
Liggett, California. March 6. 

199%. Investigation of Eight Sites, 
Fort Hunter Liggett, California. March 24. 

1995d. Remedial Investigation, Existing 
Fire Drill Burn Pit, Fort Hunter Liggett, 
California, Volumes I and 11, Volume 111, 
Baseline and Ecological Risk Assessment. 
April 26. 

1995e. Revised Technical Memorandum 
SC- I, Additional Site Characterization, Surface 
Soil Sampling for CDDsICDFs, and Risk 
Assessment, Existing Fire Drill Bum Pit, 
Abandoned Fire Drill Bum Pit, and the 
Ammunition Crate Bum Area, Fort Hunter 
Liggett, California. April 27. 

A 1995f. Revised Closure Plan, Five 
Hazardous Waste Management Units, Fort 
Hunter Liggett, California. May 3 1. 

1995g. Technical Memorandum PTS-9, 
In Situ Soil Vapor Extraction, Former PX 
Facility, Pilot Treatability Studies, Fort Hunter 
Liggett, California. July 12. 

A 199511. Final Underground Waste Oil 
Tank Investigation, Site 85, Addendum to 
Investigation of Eight Sites, Fort Hunter 
Liggett, California. November 20. 

1996a. Technical Memorandum SC-3, 
Additional Site Characterization Geophysical 
Survey Results and Supplemental Work Plan for 
Trenching Investigations at the Ammunition 
Crate Bum Area and Existing Fire Drill Bum 
Pit, Fort Hunter Liggett, California. May 1. 

1996b. Closure Report, Soil Vapor 
Extraction Pilot Treatability Study, Old PX 
Facility, Fort Hunter Liggett, California. 
June 12. 

, 1997a. Updated Basewide 
Recommendations, Fort Hunter Liggett, 
Califomia. February 18. 

Harding Lawson Associates 



References 

A 1997b. Final 1995 Annual Report, 
Basewide Water Quality Monitoring Program, 
Fort Hunger Liggett, California. March 28. 

A 1997c. Technical Memorandum 
PTS-10. Pilot Treatability Studies, Fort Hunter 
Liggett, California. April 14. 

A 1997d. Technical Memorandum SC-4, 
Additional Site Characterization, Trenching 
Investigation Results and Work Plan Addendum 
for Additional Investigation at the Existing Fire 
Drill Bum Pit and Ammunition Crate Bum 
Area, Fort Hunter Liggett, California: June 27. 

A 1997e. Final RCRA Closure 
Certification Report, Building 290 and TEC Site 
85, Fort Hunter Liggett, California. August 21. 

1997f. Recommendation for No Further 
Action, Building 290 Area, Fort Hunter Liggett, 
California. November 6. 

1997g. Recommendation for No Further 
Action, Building EXP 52/57, Fort Hunter 
Liggett, California. November 6. 

, 199711. Recommendations, Basewide 
Water Quality Monitoring Program, Fort Hunter 
Liggett, California. November 17. 

1997i. Recommendation for No Further 
Action, Abandoned Fire Drill Bum Pit, 
Fort Hunter Liggett, California. December 16. 

A 1998a. Final 1996 Annual Report, 
Basewide Water Quality Monitoring Program, 
Fort Hunger Liggett, California. January 7. 

A 1998b. Recommendation for No Further 
Water Quality Related Action, Former PX 
Facility, Fort Hunter Liggett, California. 
March 4. 

1998c. Final 1997 Annual Report, 
Basewide Water Quality Monitoring Program, 
Fort Hunger Liggett, California. July 30. 

A 1998d. Recommendation for No Further 
Action, Existing Fire Drill Bum Pit, Fort Hunter 
Liggett, California. August 21. 

1998e. Request for No Further Action, 
Various Sites, Fort Hunter Liggett, California. 
August 24. 

1999. Final 1998 Annual Report, 
Basewide Water Quality Monitoring Program, 
Fort Hunter Liggett, California. June 16. 

Home Engineering Services, Inc. (HES), 1997. 
Integrated Natural Resources Management Plan, 
Draft Final, 1998 through 2002, U.S. Army 
Reserve Training Center, Fort Hunter Liggett, 
California, Environmental Division. 
December 8. 

Jones and Stokes Associates, Inc. (JSA), 1992. 
Distribution of the San Joaquin Kit Fox and 
Effects of Military Activities at the Multi- 
Purpose Range Complex (MPRC) on Kit Foxes 
at Fort Hunter Liggett, California - Preliminary 
Results (Draft). December 16. 

A 1994. Natural Resources Management 
Plan for Fort Hunter Liggett, California. 
Prepared for the U.S. Army Corps of Engineers, 
Sacramento District. 

Monterey County Department of Health 
(MCDOH), 1993. Letter to James Willison, 
Ford Ord, from Walter Wong. June 8. 

, 1998. Buildings 101, 122, Monterey 
Co. Permit No. 509-603, April 4, 1991 -No 
Further Action. July 17. 

Murdo C., 1993. Personal communication 
between Claire Murdo, Fort Ord Directorate of 
Engineering and Housing and Michael 
Jacobvitz, Harding Lawson Associates. July. 

Nathan, S., 1992. Personal communication 
between Sam Nathan, Fort Hunter Liggett 
Directorate of Engineering and Housing, and 
Michael Jacobvitz, Harding Lawson Associates. 
August. 

Harding Lawson Associates 55 



References 

United States Environmental Protection Agency Wizel L., 1994a. Personal communication 
(EPA), 1988. Guidance for Conducting between Mr. Lee Wizel, Fort Hunter Liggett 
Remedial Investigations/Feasibility Studies Facilities Engineering, and Mr. Roark Smith, 
Under CERCLA. Interim Final. Harding Lawson Associates. February 28. 
EPA 54OlG-891001. 

1994b. Facsimile communication 
1998, Region 9 Preliminary Remediation between MI. Lee Wuel, Fort Hunter Liggett 

Goals (F'RGs), 1998. May 1 Facilities Engineering, and Mr. Roark Smith, 
Harding Lawson Associates. March. 

h4AJ1YL56073F-FHL 
June 30,2000 

Harding Lawson Associates 



APPENDIX A 

RISK ASSESSMENT 





APPENDIX A 
CONTENTS 

......................................................................................................................... INTRODUCTION A I 

REVISIONS TO COPC SELECTION .......................................................................................... A1 
. . .............................................................................................. A2.1 Ex~st~ng Fire Drill Bum Pit A2 

A2.2 Abandoned Fire Drill Burn Pit ......................................................................................... A2 
A2.3 SITE 8J ............................................................................................................................. A2 . . 
A2.4 Buddmg 290 ..................................................................................................................... A3 
A2.5 Building EXP 52/57 ......................................................................................................... A3 

................................................................................................. A2.6 Former (Old) PX Facility A3 

................................................................... REVISIONS TO RESULTS AND CONCLUSIONS A3 

.............................................................................................. A3.1 Existing Fire Drill Bum Pit A4 
A3.2 Site 8J ............................................................................................................................... A4 . . ..................................................................................................................... A3.3 Bu~ldmg 290 A4 
A3.4 Building EXP 52/57 ......................................................................................................... A4 . . 
A3.5 Former (Old) PX Factl~ty ................................................................................................. A4 

TABLES 

Summary of Data Review and COPC Selection 
Revised List of COPCs - Human Evaluation 
Revised List of COPCs - Environmental Evaluation 
Statistical Data Summary of Chemical Analyses for Surface Soils (0-1 fbgs) - Existing Fire Drill 
Bum Pit 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (1-3 fbgs) - Existing Fire 
Drill Bum Pit 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (3-8 fbgs) -Existing Fire 
Drill Bum Pit 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (>8 fbgs) - Existing Fire 
Drill Bum Pit 
Statistical Data Summary of Chemical Analyses for Groundwater - Existing Fire Drill Bum Pit 
Statistical Data Summary of Chemical Analyses for Surface Soils (0-1 fbgs) - Abandoned Fire 
Drill Bum Pit 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (1-3 fbgs) - Abandoned 
Fire Drill Bum Pit 
Statistical Data Summary of Chemical Analysis for Subsurface Soils (3-8 fbgs) - Abandoned 
Fire Drill Bum Pit 
Statistical Data Summary of Chemical Analysis of Subsurface Soils (>8 fbgs) - Abandoned Fire 
Drill Bum Pit 
Statistical Data Summary of Chemical Analyses for Groundwater - Abandoned Fire Drill Bum 
Pit 
Statistical Data Summary of Chemical Analyses for Surface Soils (0-1 fbgs) - Site 8J - Area I1 

MAJm56073F-FHL 
June 30,2000 

Harding Lawson Associates A-i 



Statistical Data Summary of Chemical Analyses for Subsurface Soils (1-3 fbgs) - Site 85 - 
Area I1 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (3-8 fbgs) - Site 8J - 
Area 11 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (>8 fbgs) - Site 85 - Area I1 
Statistical Data Summary of Chemical Analyses for Groundwater - Site 85 - Area I1 
Statistical Data Summary of Chemical Analyses for Surface Soils (0-1 figs) - Building 290 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (1-3 figs) - Building 290 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (3-8 fbgs) -Building 290 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (>8 fbgs) - Building 290 
Statistical Data Summary of Chemical Analyses for Groundwater - Building 290 
Statistical Data Summary of Chemical Analyses for Surface Soils (0-1 fbgs) - EXP 52/57 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (1-3 figs) - EXP 52/57 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (3-8 figs) - EXP 52/57 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (>8 figs) - EXP 52/57 
Statistical Data Summary of Chemical Analyses for Groundwater - EXP 52/57 
Statistical Data Summary of Chemical Analyses for Surface Soils (0-1 figs) - Old PX 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (3-8 fbgs) - Old PX 
Statistical Data Summary of Chemical Analyses for Subsurface Soils (>8 fbgs) - Old PX 
Statistical Data Summary of Chemical Analyses for Groundwater - Old PX 

Harding Lawson Associates 



APPENDIX A 
REVISION OF RISK ASSESSMENT 

Al.0 INTRODUCTION 

This appendix presents the results of a re- 
evaluation of the risk assessment presented in 
the Final Investigation of Eight Sites, Fort 
Hunter Liggett, California, dated March , 1995. 
Appendix N is reproduced in this report as 
Appendix A, and may be consulted for a 
complete discussion of the approach, methods, 
and results of the risk assessment; only revisions 
to the risk assessment are presented in this 
appendix. The re-evaluation of the original risk 
assessment was necessitated by the availability 
of new chemical data for the five sites evaluated 
in the risk assessment: Existing Fire Drill Bum 
Pit (EBP), Abandoned Fire Drill Bum Pit 
(ABP), Site 83 Area I1 (Site 89 ,  Building 290, 
Building EXP 52/57 (EXP), and Former (Old) 
PX Facility (OPX). Data collected after 
November 27, 1993 was not included in the risk 
assessment presented in the Final Investigation 
of Eight Sites. To assess if the results and 
conclusions of the risk assessment would be 
affected by the inclusion of these data, data 
collected after November 27, 1993 were 
reviewed to identify any new chemicals of 
potential concern (COPCs). Results of the re- 
evaluation of COPCs are presented in Section 
A.2. For sites at which new COPCs were 
identified, the risk assessment was reviewed to 
identify any changes to the results and 
conclusions presented in the Final Investigation 
of Eight Sites. Revised conclusions of the risk 
assessment are presented below in Section A.3. 

A2.0 REVISIONS TO COPC 
SELECTION 

COPCs identified in the Final Risk Assessment 
(Final Investigation of Eight Sites, Appendix N) 
were selected based on the methodology 
presented in Section N4.0 and Plates N1 and 
N2. Methodology used to re-evaluate COPCs 

based on the addition of new data is consistent 
with the methodology presented in Appendix N 
of the Eight Sites Report. As discussed in 
Section N4.0, COPCs were identified separately 
for potential human and environmental 
receptors. For potential human receptors, 
COPCs were identified separately for 
groundwater and for four soil depth strata: 0-1, 
1-3,3-8, and greater than 8 feet below ground 
surface (bgs). For potential environmental 
receptors, COPCs were identified separately for 
two soil depth strata: 0-1 feet bgs and 1-3 feet 
bgs. Petroleum hydrocarbons (e.g., total 
recoverable petroleum hydrocarbons, diesel 
fuel, fog oil) were not evaluated as COPCs in 
the Risk Assessment, as discussed in Section 
N4.1.5 of Appendix N, and are therefore not 
included in this re-evaluation of COPCs. 

The new data evaluated in this appendix were 
collected during continuing and supplemental 
investigations (e.g., excavation sampling, 
groundwater monitoring, surface soil sampling) 
conducted between November 27,1993 and 
September 30, 1995. Sampling activities and 
complete results of chemical analyses 

on samples collected during 
continuing and supplemental investigations are 
presented in several Technical Memoranda and 
Quarterly Groundwater Monitoring Reports 
(HLA, 1 9 9 5 ~  1997b,d, 19984. 

Statistical data summaries for the data 
considered in the Risk Assessment are presented 
for each site in Tables Nla through N7d of 
Appendix N. For the re-evaluation of COPCs, 
new data was added to previous data, and 
statistical data summaries were regenerated. 
Results of the evaluation of the new data and re- 
evaluation of COPCs are summarized in 
Table Al. All COPCs for human and 
environmental receptors are listed in Tables A2 
and A3, respectively. Revised statistical data 
summaries for groundwater and each soil depth 
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Appendix A 

stratum are presented in Tables A4a - AlOd. 
These revised statistical summaries were used to 
identify new COPCs at each site; results of this 
evaluation are described below. 

A2.1 Existing Fire Drill Bum 
Pit 

Soil 

No new human COPCs were identified for any 
soil depth at EBP. No new environmental 
COPCs were identified in surface soil (0-1 feet 
bgs). Four phthalate compounds meet the 
criteria for environmental COPCs in soil 1- 
3 feet bgs: di-n-butylphthalate, di-n- 
octylphthalate, diethylphthalate, and bis(2- 
etbylhexy1)phthalate. These phthalates were 
detected at low concentrations; all but three of 
the detected concentrations were below the 
reporting limit and qualified as unreliable (the 
maximum detected concentration was 
0.5 mglkg). A review of the distribution of 
phthalates detected at EBP does not indicate a 
point-source release and the presence of these 
chemicals does not appear to be related to site 
activity. Because detected concentrations of 
phthalates are low and likely to be associated 
with laboratory andlor field contamination, 
these chemicals were not retained as 
environmental COPCs. Revised statistical 
summaries of soil data collected at EBP are 
presented in Tables A4a through A4d. 

Groundwater 

No new COPCs were identified in groundwater 
at EBP. Arsenic was previously identified as a 
COPC at EBP. A review of old and new data 
indicates that arsenic was not detected at 
concentrations exceeding MCLs. Arsenic was 
therefore eliminated as a COPC. A revised 
statistical summary of groundwater data 
collected at EBP is presented in Table A4e. 

A2.2 Abandoned Fire Drill 
Burn Pit 

Soil 

No new human COPCs were identified in soil at 
ABP. Three new environmental COPCs were 
identified in surface soil: 1,2,3,4,6,7,8- 
heptachlorodibenzo-p-dioxin, total 
heptachlorodibenzo-p-dioxins, and 
octachlorodibenzo-p-dioxin. Revised statistical 
summaries of soil data collected at ABP are 
presented in Tables A5a through A5d. 

Groundwater 

No new COPCs were identified in groundwater 
at ABP. A review of the new data indicated that 
antimony meets the criteria for COPC selection. 
Because detected concentrations of antimony 
are believed to be an artifact of the filtration 
process used to collect groundwater samples for 
metals analysis, antimony was eliminated as a 
COPC. A revised statistical summary of 
groundwater data collected at ABP is presented 
in Table A5e. 

A2.3 SITE 85 

No additional data were collected for Areas I or 
I11 of Site 85. New data collected at Area I1 was 
evaluated as discussed below. 

Soil 

Chromium VI was identified as a new human 
COPC in the greater than 8 feet bgs soil stratum 
of Area II, no other new human or 
environmental COPCs were identified at Site 8J. 
No additional soil data were collected for soil 
0 to 3 feet bgs at this site; therefore, no changes 
are reflected in the statistical data summaries or 
COPCs for soils 0 to 1 or 1 to 3 feet bgs. 
Revised statistical summaries of soil data 
collected at Site 8J (Area 11) are presented in 
Tables A6a through A6d. 
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Groundwater 

No new COPCs were identified in groundwater 
at Site 8J. A revised statistical summary of 
groundwater data collected at Site 8J is 
presented in Table A6e. 

A2.4 Building 290 

Soil 

No new human or environmental COPCs were 
identified in soil at Building 290. No new data 
were collected for soil 0-1 feet or greater than 
8 feet bgs at this site. Therefore, no changes are 
reflected in the statistical data summaries or 
COPCs for these soil depths. Revised statistical 
summaries of soil data collected at Building 290 
are presented in Tables A7A through A7d. 

Groundwater 

Nickel was identified as a new COPC in 
groundwater at Building 290. A revised 
statistical summary of groundwater data 
collected at Building 290 is presented in 
Table A7e. Detected nickel, however, is 
probably an artifact of metal used in well 
screens. Wells of similar construction at 
Fort Ord installed by the same contractor also 
have an anomalous nickel concentration 
detected in groundwater. Therefore, nickel was 
eliminated as a COPC. 

82.5 Building EX? 52/57 

Soil 

No new human or environmental COPCs were 
identified in soil at EXP. Methylene chloride 
and acetone detected in subsurface soil (1-3 feet 
bgs) at EXP meet the criteria for environmental 
COPC selection, but were not identified as 
environmental COPCs for the following 
reasons: (I) these chemicals are common 
laboratory contaminants; (2) these chemicals 
were detected at very low concentrations 
(maximum concentration of 0.0059 mgkg); and 
(3) data were qualified as unreliable due to the 

possibility of laboratory contamination. 
Revised statistical summaries of soil data 
collected at EXP are presented in Table A8a 
through A8d. 

Groundwater 

No new COPCs were identified in groundwater 
at EXP 52/57. A revised statistical summary of 
groundwater data collected at EXP 52/57 is 
presented in Table Age. 

A2.6 Former (Old) PX 
Facility 

Soil 

No new human or environmental COPCs were 
identified in soil at OPX. No additional soil 
data was collected for soil 0-1 feet bgs, and no 
soil data has ever been collected for soil 1-3 feet 
bgs at this site. Therefore, no changes are 
reflected in the statistical data summaries or 
COPCs for soils 0-1 or 1-3 feet bgs. Revised 
statistical summaries for soil data collected at 
OPX are presented in Tables A9a through A9c. 

Groundwater 

No new COPCs were identified in groundwater 
at OPX. A revised statistical summary of 
groundwater data collected at this site is 
presented in Table A9e. 

A3.0 REVWONS TO 
RESULTS AND 
CONCLUSIONS 

For ABP, no changes to the results or 
conclusions of the RA, as presented in HLA's 
Final Investigation ofEight Sites, Fort Hunter 
Liggetf California, dated March 24, 1995 and 
HLA's Revised Final Technical Memorandum 
SC-I, Additional Site Characterization, dated 
April 27, 1995, were identified. Changes to the 
RA for the remaining five sites are summarized 
in the following sections. 
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A3. I Existing Fire Drill Burn 
Pit 

Although no new COPCs were identified at 
EBP, the average and reasonable maximum 
exposure (RME) concentrations for all COPCs 
were affected by the inclusion of new data in the 
risk assessment. In addition, arsenic was 
eliminated as a human COPC in groundwater. 
The revised exposure concentrations and risk 
estimates for the human health evaluation are 
reflected in Tables A1 1 and A12. Revised 
cancer risk estimates of 4 x 10-6 and 1 x 10-5 
for the average and RME scenarios respectively 
are within the target risk range of 1 x 10-6 and 
1 x 10-4. Revised hazard indices for cadmium 
and molybdenum indicate that noncancer health 
effects may be associated with ingestion of 
these chemicals in groundwater. Methodology 
for estimating risks is presented in Appendix N 
of HLA's Final Investigation of Eight Sites, 
Fort Hunter Liggett, California. No changes 
were made to the conclusions of the 
environmental evaluation for this site. 

A3.2 Site 85 

Review of the additional data collected at 
Site 8J identified chromium VI as a human 
health COPC in soil greater than 8 feet bgs. 
Because chromium VI was detected only at 
depths greater than 8 feet bgs (9.5 feet bgs to 
24.5 feet bgs), substantial exposures to current 
andlor future potential receptors are not 
expected. Accordingly, adverse health effects 
associated with potential exposure to chromium 
VI at Site 85 are not expected. No changes were 
made to the conclusions of the environmental 
evaluation for this site. 

A3.3 Building 290 

Review of additional data at Building 290 
identified nickel as a potential human health 
COPC in groundwater. . Detected nickel, 
however, is probably an artifact of metal used in 
well screens. Wells of similar construction at 
Fort Ord installed by the same contractor also 
have an anomalous nickel concentration 

detected in groundwater. Therefore, nickel was 
eliminated as a COPC. Exposure to nickel in 
groundwater at Building 290 is not expected 
under current site conditions because no 
drinking water wells exist on or near the site. 

A3.4 Building EXP 52/57 

Although no new human COPCs were identified 
at EXP, the average and reasonable maximum 
exposure (RME) concentrations for benzene and 
tetrachloroethene in groundwater were affected 
by the inclusion of new data in the risk 
assessment. Exposure to COPCs in groundwater 
at EXP is not expected under current site 
conditions because no drinkiig water wells exist 
on or near the site. Although exposure to 
COPCs in groundwater is unlikely, a future 
residential scenario was evaluated to address 
clean closure issues. This evaluation assumed a 
hypothetical receptor might be exposed to 
COPCs in groundwater via ingestion of drinking 
water and inhalation of vapors during domestic 
use of water. Based on revised exposure 
concentrations as reflected in Tables A1 1 and 
A12, potential excess cancer risks of 2 x 10-5 
and 1 x 10-4 were estimated for average and 
RME exposure scenarios, respectively. These 
estimated risks are within the target risk range 
considered acceptable by the EPA. No changes 
were made to the conclusions of the 
environmental evaluation for this site. 

A3.5 Former (Old) PX 
Facility 

Although no new COPCs were identified at 
OPX, the average and reasonable maximum 
exposure (RME) concentrations for benzene in 
groundwater were affected by the inclusion of 
new data in the risk assessment. Exposure to 
benzene in groundwater at OPX is not expected 
under current site conditions because no 
drinking water wells exist on or near the site. 
Although exposure to COPCs in groundwater is 
unlikely, a future residential scenario was 
evaluated to address clean closure issues. This 
evaluation assumed a hypothetical receptor 
might be exposed to benzene in groundwater via 
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Appendix A 

ingestion of drinking water and inhalation of respectively. These estimated risks are within 
vapors during domestic use of water. Based on the target risk range considered acceptable by 
revised exposure concentrations as reflected in the EPA. No changes were made to the 
Tables A1 1 and A12, potential excess cancer conclusions of the environmental evaluation for 
risks of 2 x 10-6 and 5 x 10-6 were estimated this site. 
for average and RME exposure scenarios, 
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Table Al .  Summaly of Data Review and COPC Selection 
Fort Hunter Llggolt, Califomla 

New COPCs 

' I  

Site 
Soil 

0-1 feet bgs 1-3 feet bgs 3-8 feet bgs >8 feet bgs Groundwater 

EBP - - No Change No Change No Change No Change 

ABP total HpCDD (E) No Change No Change No Change No Change 
1,2,3,4,6,7,8-HpCDD (E) 
OCDD (E) 

Site 8J - - - - No Change Cr VI (H) No Change 

290 - - No Change No Change - - Nickel (H) - 
AM0 No Change NA NA N A - - 

EXP No Change No Change No Change No Change No Change 

- - N A No Chanae No Chanae No Chanae 

N A 
- * 

No Change 
OCDD 

HpCDD 
BEHP 

E 
H 

Not analyzed; i.e., no samples analyzed for this medium andlor depth. 
No new data collected; no changes in COPCs. 
No new COPCs identified based on addition of data collected from November 27, 1993 through September 30, 1995. 
Octachlo~dibenzo-p-dioxin. 
Heptachlorodibenzo-p-dioxin. 
Bis (2-ethylhexy1)phthalate. 
Environmental COPC. 
Human COPC. 

Hardlng Lawson Assoclales ,. Page 1 of 1 



Table A4a. Stat is t ica l  Data Sunnary of Chmicsl Analyses for Subsurface Soi ls (0-1 fbgs) 
Existing F i re  D r i l l  Burn Pi f  

Fort Hunter Liggett. Californta 

Standard 95% Upper 
Depth Oepth Deviation Confidence 

Frequency Mininun Location of Maxinun Location of 
W h r  of 

of the Limit of the 
of Oetected of Wlnilar Win Detected of Maxinrn Max Arithmetic Arithmetic Arithmetic 

Parmeter h i t s  Detects lA~lyses Detect Value Oetectim ( f t )  Value Detection ( f t )  Mean Wean Mean 

- 
Benzene 
TOlwne' , 

9 x 6  - 
Oi-n-but lphthalate 
~luorantKene 
Pyrene 

TPH .. .. - 
TPH-Diesel 
TPH-Fog O i l  
TPH-Gasol ine 
TPH-Total Recoverable 

METALS - 
Anti m y  
Arsenic 
Bariun 
Beryllium 
c&im 
Chro~nium 
Cabelt 

:2r 
Mercury 

M"llIMenun nic  e l  
Selenium 
Si lver 
Vanadium 
Zinc 
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Table A4b. S t a t i s t i c a l  Data Sunnsry of  Chemical Analyses fo r  Subsurface Soi ls  (1-3 fbgs) 
Ex is t ing F i r e  D r i l l  Burn P i t  

Fort Hunter Llggett ,  Ca l l fo rn la  

Parameter 

~- ~~p--~-~-~--~~-~~-~~~~~~-~~ ~~~ ~~ ~~p~ 

Standard 95% Upper 
Depth Depth Deviat ion Confidence 

Frequency Minimum Location of  M a x i m  Location of o f  the L im i t  of the 
Nurber o f  o f  Detected of  Mini- H in  Detected of Maxi ry I  Max Ari thmetic Ari thmetic Ari thmetic 

Un i t s  DetectslAnnlyses Detect Value Oetectlan ( f t )  Value Detection ( f t )  Mean Mean Mean 

VOCS - 
Toluene 

Di-n-butytphthalate , , 
Oi -n-octy lphthalate 
D ie thy l  thatate 
Bisc2-et$lhexyl>phthalate 

TPH 
- 
TPH-Unknwn Extractable 
TPH-Fog O i l  

METALS 

A n t i  m y  
A r s n i c  
Bariun 
B e r y l L i l a  
C d i u n  
Chraniua 
Cobs 1 t 

:w 
Mercury 

~ P E -  
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Table A4c. Stat ist ical  Oats S m r y  of Chenical h l y s e s  for Sthurface Soils (3-8 fbgs) 
Ex is t iw Fire D r i l l  Burn Pif  

Fort Hmter Llppett, Cslifornls 

MCS ' - 
Benzene 

TPH - 
Total Oi l  L Grease 
Yon-Polar O i l  Md Grease 
TPH-Unknanr Extractable 
TPU-FM ni l  . . . . . -- - . . 
TPH-Motor Oil 

Bariun 
B e r y l l i u  
C h i u n  
C h r m i u  
Cob l t 

...- 
Mercury 

V a n d i m  
Zinc 



Table A4d. S ta t is t i ca l  Data Surmsry of  Chemical h l y s e s  for Subsurface Soils (,8 fbgs) 
Exist lng F i re  D r i l l  Burn P i t  

Fort Hunter Liggett, Cali fornia 

Parameter 

Standard 95% Upper 
Oepth Depth Oev ia t im Confidence 

Frequency Min imam Locatjon of  Maxinun Location of  of  the L imi t  of the 
Y W r  of of  Oetected of ilinl- Min Detected of Maxi- Max Arithmetic Arithmetic Arithmetic 

Units Detec ts /h lv$es  Detect Value Oetect lm ( f t )  Value Oetectlm ( f t ,  Mean Mean Mean 

Benzene 
Carbon d i su l f i de  
1,2-Oichloroethan 
Methvl ethvl  ketone 
Methyl- chlor ide , . 

Benxo(a) rene 
0i-n-butTphthalate 
Oi-n-octylphthalate 
Oieth 1 phthalate 
o i inet ly l  phthalate 
Bir(2-ethy1hexyl)phthalate 
Fluor- 

P h n u n t h r m  

TPH - 
Total O i l  P Grease 
Ym-Polar Oi 1 and Grease 
T P H - W m  ExtrMtable 
TPH-Fog Oi 1 
TPH-htor O i l  

METALS - 
Antinmy 
Arsenic 
B a r i m  
B e r y l l i m  
C * i U  
Chranim 
Cobalt 
comer 
Le'a 
Mercury 

%z- 
Selenim 
Si Lver 
T h a l l i m  
Vanedim 
Zinc 

1 :47E-O2 
5.12E-03 
4.77E-03 
1 .O&E-O2 
2.14E-02 
1.54-02 
1.2OE-02 

0.72 
0.70 
0.70 
0.71 
0.70 
0.69 
0.63 
3.39 
3.40 
0.66 

80.35 
2009.72 
2348.59 
1065.32 
1105.31 

2.58 
33.22 

197.82 
0.67 

115.53 
87.96 
9.77 

57.96 
6.29 

6.WE-02 
84.44 

152.27 
19.90 
1.07 
4.14 

181.78 
330.61 
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Table A4e. s t a t i s t i c a l  Data Sunsry of Chemical Analyses for Granduater 
Exist inQ F i re  D r i l l  Burn P l t  

Fort Hmter Ligpett, Cal i forn ia 

Deviation c o n f i i l m e  
Frequmcy M i n i u  Location M a x i u  Locat!on of  the L imi t  of the 

~ t h e r  of of  Detected of Minimn Detected of  M a n l r ~  Arithmetic Arrthmctic A r i t hmt l c  
Unlta D ~ t u t s l h l y s e a  Detect value ~ e t e c t i o n  Value Detection man )Icm Mean 

METALS - 
A n t i l m y  
Arsenic 
B a r i u  
C & i u  

:2?? 
K L r  
S e l e n i u  
Vanedim 
Zinc 

e:' 'S\fhl\stats\ebph20 Page 1 



Table A5e. S ta t i s t i ca l  Data S m r y  of Chemica! Analyses fo r  Subsurface Soils (0-1 fbgs) 
AbendoMd Fire O r i l l  Burn P i t  

Fort Hulter Llpgett, Cali fornia 

Stardard 95% Upper 
Depth Depth Deviation Confidence 

Frequency nininrn Location of  Maxi- Location of 
Wuber of  

of the Limit of the 
of  Detected of  Minil- M i n  Detected of Maxi- Wax Arithmetic A r l  thmetic Arithmettc 

Parmeter Uni ts  Owtecte1Analysea Detect Value Oetectlon ( f t )  Value Detection ( f t )  Mean Mean Mean 

O ~ O X I W S / ~ U R A N ~  

TPH - 
TPH-Unkncim Extractable W k 9  
TPH-Motor O i l  
TPH-Total Recoverable 

W k 9  
Wh 

Antimony 
Bs r i r n  
B e r y l l i m  
C a h l i u n  
Chranirn 
Cobalt 

: Z r  
Mercury 

:?:ti'-" 
Vanedim 
Z in :  



Table A5b. S t a t i s t i c a l  Data Slnnvlry of  Chemical Anelyses f o r  Subsurface So i l s  (1-3 fbgs) 
Abendmd F i r e  D r i l l  Burn P i f  

For t  Hurter Lipgatt ,  Ca l l fo rn la  

Standard 95% U p p r  
Depth Oepth Deviat ion Confidence 

F r e q u m y  Mininun Locatjon o f  Maxinun Location o f  
NurtKr of  

of the  L im i t  o f  the 
o f  Detected o f  M i n l ~  Min Detected Of ilaxif!unI Max Ari thmetic A r l t h m t i c  Arithmetic 

Parsrneter Un i t s  OetectsIAnlyses Detect Value Detect ion ( f t )  Value Oetectlon (ft) Mean Mean Mean 

METALS - 
Bar iun *Ilks 2 I 2  10O.OX 35.00 EA-ABP-MI-001 3.0 57.00 EA-ABP-MI-001 3.0 46.00 15.56 

2 1 2  
76.49 

C h r m i u n  ~ 1 k 8  100.0% 9.50 EA-ABP-W-001 3.0 10.00 EA-ABP-MI-001 3.0 9.75 0.35 10.44 
2 1 2  Ex; l p l k 9  100.0% 3.90 EA-ABP-W-001 3.0 6.64 EA-ABP-MI-001 3.0 5.25 1.91 8.99 
1 1 2  ~ 1 k 9  50.0% 5.80 EA-ABP-W-001 3.0 5.80 EA-ABP-MI-Wl 3.0 3.90 2.69 9.17 
2 1 2  Zinc ' .  W k g  100.0% 12.00 EA-ABP-W-001 3.0 27.00 EA-ABP-MI-001 3.0 19.50 10.61 40.29 
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Table A5c. S ta t i s t i ca l  Data Sunnary of Chemical Analyses f o r  Stburface Soils (3-8 fbgs) 
AlxndoMd Fi re  D r i l l  Burn Pi f  

Fort Hurter Ligpett, Ca l i fomla  

Standard 95% Upper 
Depth Depth Deviation C ~ f i d w v e  

Frequency M i n i m  Location of Maxi- Location of  
Y h r  of 

of  the L imi t  of the 
of  Detected of Mininm M i n  Detected of Maxiiyn Max Arithmetic Arithmetic A r i t hmt i c  

U n l t l  DetectsIAnalynes Detect Value Detection ( f t )  Value Detection ( f t )  Mean Mean Mean 

SOCS 

Bis(2-ethylhexy1)phthalate W k S  

TPH 
- 
Yon-Polar O i l  and Grease (TRPH) mglkp 

METALS - 
Antimony 
Arsenic 
B a r i m  
B e r y l l i m  
Ch im 
Chranim 
Cobol t 
C o p p r  
Lead 
Mercury 

%Y- 
Vanadi m 
Zinc 

Page 1 



Table A5d. Sta t is t ica l  Data Sunnary of Chmical Analyses for Subsurface Soils (>8 fbps) 
Abandoned Fire O r i l l  Burn P i t  

Fort Hulter Liggett, California 

Standard 95% Upper 
Depth Depth Oeviation Confidence 

Freqwncy Mininun Locatim of Maxi- Location of of the L i m i t  of the 
Y l l h c r  of of Detected of M i n i n n  Win Oetected of M a x i m  Max Arithnetic Arithmetic Arithmetic 

Unite OetsctslAnalyses Oetect Value Detection ( f t )  Value Detection ( f t )  Mean Mean nean 

TPH - 
 on-polar o i l  and Grease (TRPH) 11)/k# 1 1 3  33.3% 79.00 ABP-EXC-001~ 
TPH-Motor. O i l  ~ / k #  1 1 4  25.0% 100.00 ABP-SB-004 

METALS 

Antinmy 
Arsenic 
Bar im 
Bervl l iun 
c& im 
Chrmim 
Cobalt 

fr ;~:r 
Vanadiu 
Z i n c  



Table A5e. Stat ist ical  Data S w r y  of Chemical Analyses for Cranduater 
Abandmed Fire O r i l l  Burn Pi! 

Fort Hinter Ligpstt, California 

. - . - -r7 - . 
Deviation Confidence 

Frequmcy Mini- Location miu Location 
Wlhr  of 

of the Limit of the 
of Detected of M in i -  

Parar ter  
Detected of Msxlnu Arithmetic Arithmetic Arithmetic 

Unitn OetutslAnnlyses Detect Value Detection Value Detection Mean Mean Mean 

voci 

- 
BMZ-ethylhexyl )phthalate u01 1 2 I 10 20.0% 2.10 EA-ABP-W-003 4.50 EA-ABP-W-001 4.44 1.35 7.08 

TPH - 
T P H - U n k ~  Extractable W l  1 2 I 6  33.3% 3000.00 EA-ABP-W-001 6400.00 EA-ABP-MU-001 1733.33 2537.06 
TPH-Total Recoverable 1 1 4  

6705.97 
W/ 1 25.0% 3200.00 EA-ABP-W-Wl 3200.00 EA-ABP-W-001 1175.00 1350.00 3821 .OO 

METALS 

Antimny 
Arsenic 
B a r i u  
L e d  
M0lybdrmn 
seleniun 
Vanadi M 
Zinc 
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Table A&. S ta t is t i ca l  Data S m r y  of  Chemical Analyses fo r  S h u r f a c e  Soils (0-1 fbgs) 
s i t e  8J 

Fort Hrnter Llpgett. Cal i forn ia 

Depth Depth Deviation ~ o n f  idence 
f r e ~ n c ~  Mininun Location of Maxiaun Location of  of the L i m i t  0 4  rhc . . . . . . . . ... . . . . . . . . 

N h r  of o f  . Detected of M in i -  M i n  Detected of M a x i v  nax A r i t h m t i c  Arithmetic Arithmetic 
Pareneter Units Detec ts /A~ lyses  Detect Value Detection ( f t )  Value Oetectlon (ft) Mean Mean Mean 

SOCS - 
Bmzoic acid 

TPH - 
TPH-Total Recoverable 

METALS 

A l u n i n u n  
Arsenic 
Bariun 
Beryl l ium 
c&im 
Chraaiun 
Cobalt 

%Y 
Manganese 
Mercury 
Nickel 
Selmiun 
V a ~ d i u n  
Z i rc  



Table A6b. S ta t is t i ca l  Data Sunnary of Chemical Analyses fo r  Subsurface Soils (1-3 f b s )  
S i te  8J 

Fort Htnter Lipgett. Cali fornia 

Standard 95% Upper 
Depth Depth Deviation Confidence 

F r e q u ~ ~ y  M i n i m  Location of Maxinun Location of 
Y t h o r  of 

of the L imi t  of the 
of Detected of M i n i m  Min Detected of Maxiiym Max Arithmetic Arithmetic Arithmetic 

Parameter Units DetectslANlyse8 Detect Value Detection ( f t )  Value Detect lm (ft) Mean Mean Mean 

VOCS 

Methylene chloride 
Toluene ' . 
TPH .. .. - 
Non-Polar O i l  and Grease 4 I k g  2 11 50.0% 50.00 S8J-SB-007 1.2 112.50 158.77 350.00 UIJ-SB-014 

2 I 18 
1.2 

TPH-Diesel 11.1% 
423.69 

WI~P 3.40 EA-UIJ-SB-011 1.7 34.00 EA-UIJ-SB-015 1.7 
TPH-Unknwn Extractable 

6.60 
50.m 

15.37 
93.00 SBJ-SB-007 

36.73 
nplkp ::: 1.2 1200.00 SBJ-SB-014 1.2 326.75 583.58 

TPH-Total Recoverable 40.0% 
1470.56 

n ~ l k p  77.00 EA-UIJ-W-001 3.0 220.00 EA-S8J-SB-003 2.0 74.40 84.45 239.92 

METALS - 
Aluninrn 
A n t i m y  
Arsenic 
Ba r i l n  
Bery l l iun  
c & i m  
Chraniun 
Cabalt 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenim 
s i l v e r  
V a d i u n  
Zinc 
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Table A&. S ta t is t i ca l  Data Sunnary of  Chemical Analyses for  Subsurface Soi l s  (3-8 fbgs) 
Si te 8J 

Fort Hrnter Llggett. Cal i forn ia 

Standard 95% Upper 
Depth Depth Deviation Confidence 

Frequency M i n i m  Location of  naxinun Location of  of  the Limit of the 
Y u b e r  of of  Detected of  M i n i m  Min Detected of Maxi- Max Arithmetic Arithmetic Arithmetic 

Permmeter Units DetectaIArulvrm Detect Value O e t r t l m  ( f t l  Value Detection ( f t )  Mean Mean Mean 

Acetone 
Chlorobenzne 
T0lwne 

1191k0 1 1 11 9.1% 1.70E-02 EA-SBJ-M-006 4.0 1.70E-02 EA-SBJ-MI-OM 4.0 5.91E-03 4.2lE-03 1.42E-02 
~ 1 k 0  1 1 19 5.3% 5.50E-03 EA-SBJ-$8-010 6.0 5.50E-03 EA-SfJJ-SB-010 6.0 1.99E-03 1.35E-03 4.64E-03 
w l k S  4 1 19 21.1% 7.00E-03 EA-SBJ-MU-005 4.0 0.15 EA-SJ-SB-010 6.0 1.19E-02 3.40E-02 7.84E-02 

m s  - 
Di-n-but 1 thalate a p l k ~  1 1 17 5.9% 0.63 EA-SBJ-SB-029 5.0 0.63 EA-SBJ-SB-029 5.0 0.14 0.14 0.41 
sis(2-etKy%exyt)phtha1ate w I k 9  2 1 17 11.8% 5.W-02 SBJ-SB-025 4.5 0.75 EA-SBJ-M-001 8.0 0.19 0.16 0.50 

TPH - 
T P H - U n k m  Extractable lglb 3 I 4  75.0% 14.00 SBJ-SB-025 4.5 42.00 SfJJ-SB-014 3.5 20.00 15.49 50.36 

METALS 

Aluminum 
m t i m  
Arsenic 
Bar i rn 
B e r y l l i u  
Cadnium 
Chraium 
cobalt 

E ' r  
Manganese 
Mercury 
M O l v M e n n  
u ickel  
Selenium 
s i l ve r  
V a ~ d i m  
Zinc 



Table A M .  S ta t is t i ca l  Data Sunnsry of  Chemical Analyses f o r  Subsurface Soils (>8 fbgs) 
S i te  8J 

Fort Hmter Liggett, Cal i forn ia 

Standard 95% Upper 
Depth Depth Deviation Conf idewe 

Frequmy Mininun Location of  Maxinun Location of 
N h r  of 

of the L imi t  of the 
of  Detected of Mln imn M i n  Detected of M a x i q  Max Arithmetic Arithmetic Arithmetic 

Units DetectslAnlysas Detect Value Detection ( f t )  Value Oetectlon f f t )  Mean Mean Meen 

- 
Acetone a ~ l k g  2 / 4 6  4.3% 2.30E-03 S8J-SB-025 19.5 1.60E-02 EA-S8J-MI-006 14.0 5.33E-03 2.65E-03 1.05E-02 
4-MethyL-2-pentaron0MlBK) w l k g  2 1 5 4  3.7% 2.70E-02 EkS8J-mu-005 14.0 0.13 EA-S8J-MU-005 10.0 7.50E-03 1.73E-02 4.14E-02 
Toluene W k g  5 I 56 8.9% 5.00E-03 SE-S8J-TR-8JU 11.0 1.WE-02 EA-S8J-MU-001 20.0 2.69E-03 3.07E-03 8.71E-03 
X y l m s  W k g  2 156 3.6% 4.00E-03 SE-SJ-TR-8JU 11.0 6.00E-03 SE-S8J-TR-8JS 11.0 2.9&-03 6.43E-04 4.22E-03 

- 
Oi-n-but 1 thalate rg lkg  14 1 54 25.9% 3.50E-02 S8J-SB-021 19.0 
Bis~2-et~yt*hexyl)phthaIatc d k g  20 I 54 37.0% 4.20E-02 S8J-SB-019 24.0 1.20 1.10 EA-S8J-SB-030 EA-S8J-SB-027 20.0 15.0 0.14 0.15 0.17 0.16 0.48 0.47 

1 / 5 4  P h m a n t h r m  w l k g  1.9% 6.m-02 S8J-SB-025 19.5 6.60E-02 SJ-SB-025 19.5 0.15 2.8c-02 0.21 
. . .. - 
Total O i l  & Grease w /kg  100.0% 51.00 SE-UIJ-TR-8JS 11.0 : : :1 87.00 SE-SBJ-TR-8JU 11.0 69.00 
TPH-Unkm Extracteble w l k g  14.3% 19.5 63.00 UIJ-$0-019 19.0 11.36 16.94 44.56 

25.46 
14.00 S8J-SB-025 

118.89 

METALS - 
Aluninum 
A n t i m y  
Arsenic 
B a r i m  
Bery l l iun  
C a d n i u n  
Chraniun 
Chraniun VI .  
C O h l  t 
comer 
L e d  
Manganese 
Mercury 

Seleniun 
Si lver  
Vanadim 
Zinc 
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Table A6e. S ta t i s t i ca l  Data Suraary o f  Chemical Analyses for  Grwnduater 
S i t e  8J 

Fort Hurter Ligpett,  Cal i forn ia 

Standard 95% Upper 
Deviation Confidence 

Frequency M in im Location Maxinun Locat jm of the L imi t  of the 
N h r  o f  o f  Detected o f  Mininun Detected o f  Maxluun A r i t h m t i c  Arithmetic Arithmetic 

Parae ter  Uni ts  DetoctslAnalyses Detect Value Detection Value Detection Mean Mean Mean 

W 8  - 
Bis(2-ethylhexyOphthalate W11 1 I 21 

TPH - 
Non-Polar O i l  and Grease up1 1 4 I 20 
TPH-Diesel uo/l 2 I 35 

METALS - 
A I u n l ~  
Antimony 
Arsmlc  
Ba r i r n  
Ch ron iu  
coppr 
Manganese 

32'- 
S e l m i m  
Vanadiun 
zinc 

N i t r a te  as N 
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Table A7a. S ta t i s t i ca l  Data Sunnary of  Chemical Analyses for  Subsurface Soils (0-1 fbgs) 
Building 290 

Fort Hurter Lipgett, Cali fornia 

N u h r  of  'of ' 
Parmeter Units DetectslAnalyses Detect 

- 
Di-n-but I thalate 
~ is (2 -c t~y~exy1 )ph tha la te  " 

METALS 

Alunirnn 
Arsenic 
B a r i m  
B e r y l l i m  
C h i m  
Chranim 
cobs1 t 
comer 
LC& 
Mangsnese 
Mercury 
Nickel 
S i l ver  
V s n s d i M  
Zinc 

Standard 95% Upper 
Depth Depth Deviation Cmfidence 

Mini- Location of M a x i m  Location of of  the Limit of the 
Detected of  M in im Min Detected of Maxi- Max Arithmetic Arithmetic Arithmetic 

Value Detection ( f t)  Value Detection (f t) Hean Mean Wean 

Page 1 



Table Am. S ta t i s t i ca l  Data Sunnary of  Chemical Analyses f o r  Subsurface Soils (1-3 fbgs) 
Buildina 290 

Fort Hurter Lipgett, Cal i forn ia 

Standard 95% Upper 
Depth Depth Deviation Confidence 

Frquency Mininun Location of Maximum Location of of the Limit of the 
Wuber of of  Detected of Mini- Min Detected of Maxi- Max Arithmetic Arithmetic Ar i thmt ic  

Units Detects/Anlvses Detect Value Detection ( f t )  Value Oetectlon iff) Mean Mean Yean 

- 
T O l w n e  
Vinyl chloride 

Emzo(ghi) r y l m  W / ~ P  1 1 16 6.3% 8.30E-02 290-58-007 2.0 8.30E-02 290-SB-007 2.0 
Butylbenzyy thalste W lkp  1 1 16 6.3% 3.90E-02 290-SB-009 2.0 3.90E-02 290-S8-OW 2.0 0.18 0.18 6.80E-02 7.30E-02 

0.31 

Bis(2-ethyl~xyl)phthslate ~ / k 9  1 1 16 6.3% 5.10E-02 290-58-011 2.0 5.10E-02 290-58-011 2.0 0.18 7.15E-02 0.32 0.32 

TPH 
- 
Non-Polar O i l  and Crease llslb 7 / 14 50.0% 30.00 290-SB-009 2.0 910.00 290-SB-007 2.0 119.21 234.75 579.33 
TPH-Unkm Extractable llelkg 6 / 10 60.0% 31.00 290-SB-011 2.0 1000.00 290-SB-013 2.0 182.10 347.11 862.43 
TPH-Motor O i l  ~ 1 k 0  4 / 10 40.0% 520.00 290-$48-001) 2.0 1200.00 290-SB-007 2.0 392.10 390.29 1157.06 
TPH-Total Recoverable m l k g  2 / 6 33.3% 82.00 EA-290-SO-002 3.0 8870.00 EA-290-SB-003 3.0 1508.67 3606.37 8577.16 

METALS 

Antinny 
Arsenic 
Bariun 
B e r y l l i u  
Cedn iu  
Chraniun 
Coba 1 t 

:%Y 
Manganese 
Mercury 

:P:? 
Seleniun 
S i  lver  
Vanedim 
Zinc 
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Table A7c. S ta t is t i ca l  Oata Sunnary of Chemical Analyses fo r  Subsurface Soils (3-8 fbgs) 
Bui !ding 290 

Fort Hmter Llgpett, Cali fornia 

. . -. . . -. - -rr-. 
Depth Depth Deviation ~&f idence 

Frequency M i n i m  Locat jm of M a x i m  Location of of  the Limit of the 
Yubsr of  of  Detected of Mlnlpm Min Detected of M a x i l p  Max Arithmetic Arithmetic Ar i thnr t i c  

Units DetrtslAnalyses Detect Value Detect lm ( f t )  Value Detection ( f t )  Mean Mean Mean 

METALS 

Alunirun 
Antinmy 
Arsenic 
Ba r i l a  
Bery l l iun  
C & i m  
C h r m i u  
Cobalt 

Er 
Manganese 
Mercury ~~:r 
S e l e n i u  
Si lver  
vanadirn 
Zinc 



Table A7d. S ta t i s t i ca l  Data Sunnary of Chemical Analyses fo r  Subsurface Soils (>8 fbgs) 
Bui Lding 290 

Fort Hulter Liggett, Cali fornia 

~ 

Standard 95% Upper 
Depth Depth Oeviation Confidence 

Fr-y M i n i m  Location of M a x i m  Location of of the Limit of the 
Nubor of  of  Detected of  M in i -  Win Detected of Maxinun Max Arithmetic Arithmetic Arithmetic 

Parmeter un i t s  Detsc ta IA~ lyses  Detect Value O e t c t i r n  ( f t )  Value Detection (f t) Mean Mean Mean 

Acetone 
Methylene chlor ide 
4-Methyl-2-pentanau(MlBK) 
Toluene 

Di-n-but l thalate 
Bis(2-etKy~exy1)phthalate 

TPH - 
TPH-Total Recoverable 

METALS - 
Almirua 
Arsenic 
Bariun 
Bery l l iun 
C d i u n  
C h r m i m  
C0bolt 

2'F 
Manganese 
Mercury 
Nickel 
Selenim 
Vanadiun 
Zinc 



Table A7e. Stat ist ical  Oata S m r y  of Chemical Adyses  for Grwrduater 
Bu i ld iw 290 

Fort Hmter Lipgett, Csl i fo rn is  

Standard 95% Uppr 
Oeviatim Confidence 

Frequency M i n i m  Location Maxinun Location of the Limit of the 
Yunber of of Oetected of Mininun Detected of Maxinun Ar i thmt ic  Arithmetic Arithmetic 

Units DetectsIA~bsI~~es Detect Value Detection Value Detection Mean Mean men 

vods - 
Acetone W l  1 1 1 11 9.1% 
4-Wethyl-2-pentamrwI(MIBY) u(ll 1 2 1 18 11.1% 

m s  

BTs(Z-ethylhexyl)phtl;~l.ts W l  1 1 l 36 2.8% 

TPH - 
Non-Polar O i l  and Grease W l  1 5 Y 23 21.7% 
TPH-Fog O i l  W l  1 1 Y 23 4.3% 

METALS 

C h r m i u  
Cobol t 

:w 
Manganese 
Mercury 
Nickel 
Vanedim 
Zinc 
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Table A&. Sta t i s t i ca l  Data %mary of Chemical Analyses for  S h u r f a c e  Soi ls (0-1 fbgs) 
EXP 52157 

Fort Hurter Ligpett. Cal i forn ia 

Standard 95% Upper 
Depth Depth Deviat ion Cyfidence 

FreqllMcy Mininun Location o f  Maxirnm Location of o f  the L i m t  of the 
Nudxr of o f  Detected o f  Min im Min Detected of Maxi?m Max Arithmetic Arithmetic Ar i thnr t i c  

Uni ts  Detect81Anal~ses Detect Value Detection ( f t)  Value Detection c f t l  Mean Mean Mean 

9 x 6  - 
Bis(2-ethylhexyl )phthalate 

TPU - 
Yon-Polar O i l  and Grease ' , 
TPH-Motor O i l  

METALS 

A n t i m y  
Arsenic 
B a r i u  
Cadaim 
C h r n i u  

4.30E-02 EXP-SB-OW 

4130198 Page 1 



Table A&. ate Sunnary of Chemical LMLyaea f o r  Subsurface Soi ls (1-3 fbgs) 
EXP 52/57 

Fort Hurter Liggett, Cal i forn ia 

Standard 95% Upper 
Depth Depth Deviation Confidence 

Frequency Mini- L o c g l m  o f  lrexinun Location of o f  the L iml t  of the 
b!utrr of o f  Detected of M l n l l p  Min Detected of M a x i l p  Max Ar i  t h m t i c  A r l t h m t i c  Arithmetic 

Paramter Units Detuts lAnolwes Detect Value D e t u t l o n  ( f t )  Value Detection ( f t )  Mesn Mean Mean 

Acetone 
Methylene. chlor ide 
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B 
Table I$c. Stat ist ical  Data Sunnary of Chemical Analyses for Subsurface Soils (3-8 fbgs) 

EXP 52157 
Fort llrnter Llppett, California 

-. 
Stardard 95% Upper 

Depth Depth Deviation Confidence 
Frsqumy Mininm Location of Maxinn Location of of the Limit of the 

Ywber of of Detected of Mini?un Min Detected of Maxinun Max Arithmetic Arithmetic Arithmetic 
Parmeter u l l t n  DetectnIAnalvses Detect Value Oetectlm ( f t )  Value Detection ( f t )  Mean Mem Mean 

..-. - 
Acetme 
n e t h y l q  chloride 

TPH .. .. - 
Total o i l  P Grease 
Ym-Polar O i l  and Grease 
TPH-Motor O i l  

A n t i m y  
Arsenic 
Barium 
B e r y l l i m  
Cahiua 
C h r m i u  

12.00 EXP-SB-005 
1300.00 EXP-SB-008 

84.00 EXP-SB-OW 

4/30/98 Page 1 





B 
Table &. Sta t is t i ca l  Data S m r y  of Chemical Analyses fo r  Granhrate~ 

EXP 52157 
Fort Hmter Lippett. Cal i forn ia 

Standard 95% Upper 
Deviation C p l f l h e  

Frequency M i n i u  Locatjrn Maxinun Location of  the L i n l t  of the 
N u b e r  of  of Detected of  M l n l r u a  Detected of Waxiaun Arithmetic Arithmetic Arithmetic 

hit. DatsctslAnsl~ses Detect Value Detection Value Detection Mean Mean Mean 

Benzene 
Caobm d i su l f i de  
Chloroform 
Eth Ibmzene 
1teth1 ethyl  ketms . 
Tetrachloroethene 

Urn-Polar O i l  and Grease (TRPH) u p l l  6 I 31 19.4% 890.00 EXP-MU-001 44000.00 EXP-SB-030 2396.45 7754.70 17595.M 
TPH-Diesel2 rpll 1 / 3  33.3% 2200.00 EW-MU-002 2200.00 EXP-MU-002 733.50 1270.03 3222.75 
TPH-Unkm Extr.ctable u 0 l l  5 I 23 21.7% 930.00 EXP-MU-002 2900.00 EXP-MU-002 599.13 789.42 2146.40 
TPH-Unkm Purgeable UP/ 1 1 / 2 3  4.3% 55.00 EXP-M-001 55.00 EXP-MU-001 94.78 105.16 300.89 
TPH-Total Recowrable . up11 2 1 7  28.6% 1700.00 EXP-MU-001 1800.00 EXP-MU-001 857.14 610.62 2053.96 

METALS 

Ant i m y  
Arsenic 
Bariun 

E ! r  
VaMdiun 
Zinc 

I)(ORGAYICS 

Ni t ra te  as Y 

13.30 EXP-MU-007 
6.80 EXP-MU-001 

65.W EXP-MU-003 
36.60 EXP-MU-001 
5.70 EXP-MU-004 
6.20 EXP-MU-OM 

175.00 EXP-M-001 

Page 1 



,able Sta t is t ica l  Oeta Sunaery of Chmical Analyses for Subsurface Soils (0-1 fbgs) 
Old PX 

Fort Hulter Lipgett, California 

Standard 95% Upper 
Depth Oepth Deviation Confidence 

Fr-y Miniaua Location of Maxinun Location of 
N m h r  of 

of the Limit of the 
of Detected of M i n i u  Min Detected of Maxinun Max Arithmetic Arithmetic Arithmetic 

Parameter unl ts DetectllAmlys0s Detect Value Detection ( f t )  Value Detection ( f t )  Mean Mean Mean . 
TPH 
- 
TPH-Unknon Extractable IP/h 2 1 2  100.0% 68.00 WX-MU-003 0.8 540.00 WX-SB-002 1 .O 304.00 333.75 958.16 

METALS - 
Lead ' &kg 2 1 4  50.a 3.10 WX-IY-W3 0.8 3.60 WX-SO-002 1.0 1.93 1.66 5.17 

Page 1 



Tabla A%. S ta t i s t i ca l  Data S m r y  of Chemical Annlyses fo r  Subsurface Soils (3-8 fbgs) 
Old PX 

Fort Hwter  L l g ~ t t .  Cal i forn ia 

Standard 95% Umer 
Depth Depth Oev ia t im confib;?ncc 

Frequency M i n i m  Locat jm of Msx inn  Locat im of  of the L m ~ t  of the 
Nwber of of  Detected of n l n l u  Min Detected of WaIiI!Un Max Arithmetic A r i t hn r t i c  Arithmetic 

Parenrter Unita Detuts1Annlyaes D e t u t  Value D e t u t i m  (ft) Value Detect lm (ft) Mean Mean Mean 

w s  - 
Ethylbenzene 
xylenes , , 

TPH 
, , 

TPH-Unkwun Extractable 2 1 4  50.OX 61 .OO OPX-MI-003 5.5 170.00 WX-SB-002 6.0 61.38 76.73 211.78 
~ ~ ~ - U n k w u n  Purgeable 1 1 4  25.0% 17.00 WX-SB-002 6.0 17.00 WX-$6-002 6.0 ' 4.63 8.25 20.80 

METALS - 
L e d  

4130198 Page 1 
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Table AM.  Table AlW. Stat ist ical  Data S m r y  of Chemical Analyses for Grwnduater 
Old PX 

Fort Hurter Liggett, California 

Deviation ~ o n f i i i w r e  
Frequncy Wininn Location M a x i m  Locatjon of the Limit of the 

Y l m l x r  of of Detected of Mini- Detected of hx lnuu Arithmetic Arithmetic Arithmetic 
Units OetectslAnslyses Detect Value Oetection Value Detection Mean Mean Mean 

TPH - 
TPH-Gasoline 

KTALS 
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Statistical Data Summary of Chemical Analyses for Groundwater - EXP 52/57 

Statistical Data Summary of Chemical Analyses for Surface Soils (0-1 figs) - Old PX 

Statistical Data Summary of Chemical Analyses for Subsurface Soils (3-8 fbgs) - Old PX 

Statistical Data Summary of Chemical Analyses for Subsurface Soils ( > 8  fbgs) - Old PX 

Statlstlcal Data Summary of Chemical Analyses for Groundwater - Old PX 

Non-Standard Samples Excluded from Site Characterization and Risk Assessment 

List of Chemicals of Potential Concern - Human Evaluation 

List of Chemicals oi Potential Concern - Environmental Evaluation 

Summary of Selection of Chemicals of Potential Concern in Surface Soils (0-1 fbgs) - Existing 
Fire Drill Burn Pit 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (1-3 figs) - 
Existing Fire Drill Burn Pit 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (3-8 figs) - 
Existing Fire Drill Burn Pit 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils ( 2 8  fbgs) - 
Existing Fire Drill Burn Pit 

Summary of Selection of Chemicals of Potential Concern in Groundwater - Existing Fire Drill 
B u n  Pit 
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Summary of Selection of Chemicals of Potential Concern in Surface Soils (0-1 fbgs) - 
Abandoned Fire Drill Burn Pit 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (1-3 fbgs) - 
Abandoned Fire Drill Burn Pit 

Statistical Data Summary of Chemical Analysis for Subsurface Soils (3-8 fbgs) - Abandoned 
Fire Drill Burn Pit 

Statistical Data Summary of Chemical Analysis of Subsurface Soils (>8 fbgs) - Abandoned 
Fire Drill Burn Pit 

Summary of Selection of Chemicals of Potential Concern in Groundwater - Abandoned Fire 
Drill Burn Pit 

Summary of Selection of Chemicals of Potential Concern in Surface Soils (0-1 fbgs) - Site 8J - 
Area I 

Summary of Selection of Chemicals of Potential Concern in Surface Soils (0-1 fbgs) - Site 8J - 
Area I1 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (1-3 fbgs) - Site 
8J - Area I1 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (3-8 fbgs) - 
Site 8J - Area I1 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (>8  fbgs) - Site 
8J - Area I1 

Summary of Selection of Chemicals of Potential Concern in Groundwater - Site 8J - Area 11 

Summary of Selection of Chemicals of Potential Concern in Surface Soils (0-1 fbgs) - Site 8J - 
Area I11 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (1-3 fbgs) - Site 
8J - Area I11 

Summary of Selection of Chemicals of Potential Concern in Surface Soils (>8 fbgs) - Site 8J - 
Area 111 

Summary of Selection of Chemicals of Potential Concern in Sediment - Site 8J - Area I11 

Summaly of Selection of Chemicals of Potential Concern in Surface Soils (0-1 fbgs) - Building 
290 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (1-3 fbgs) - 
Building 290 

Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (3-8 fbgs) - 
Building 290 
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N14d Summary of Selection of Chemicals of Potential Concern m Subsurface Solls [>8 bgs) - 
Bulldmg 290 

N14e Summary of Selection of Chemicals of Potential Concern in Groundwater - Building 290 

N15a Summary of Selection of Chemicals of Potential Concern in Surface Soils (0-1 figs) - AMMO 

N15b Summary of Selection of Chemicals of Potential Concern in Groundwater - AMMO 

N16a Summary of Selection of Chemicals of Potential Concern in Surface Soils (0-1 fbgsj - EXP 
52/57 

N16b Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (3-8 fbgs) - EXP 
52/57 

N16c Summary of Selection of Chemicals of Potential Concern in Surface Soils (>8 fbgs) 
- EXP 52/57 

N16d Summary of Selection of Chemicals of Potential Concern in Groundwater - EXP 52/57 

N17a Summary of Selection of Chemicals of Potential Concern in Surface Soils (0-1 fbgs] - Old PX 

N17b Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (3-8 fbgs) - Old 
PX 

N17c Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (>8 fbgs) - Old 
PX 

N17d Summary of Selection of Chemicals of Potential Concern in Groundwater - Old PX 

N18 Risk Characterization of Groundwater Chemicals of Potential Concern - Average Scenario 

N19 Risk Characteruation of Groundwater Chemicals of Potential Concern - RME Scenario 

N20 Summary of Uncertainties 
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N1.O INTRODUCTION 

Potential human health and environmental risks 
at  seven sites at Fort Hunter Liggett (F'HL) were 
evaluated using qualitative and quantitative risk 
assessment (RA) methods that conform to 
guidelines established by the US. Environmental 
Protection Agency (EPA 1986b. c, d; 1989b, c. d ,  
e; 1990b. c, d ,  e; 1991c, d ,  f; 1992b. c, d ,  fi DHS, 
1986, 1990 ), California Environmental Protection 
Agency (Cal/EPA, 1994, 1992o,b,c). and other 
federal agencies such as the Agency for Toxic 
Substances and the Agency for Toxic Substances 
Disease Registry (ATSDR, 1991). The site 
characterization program includes assessing 
potential human health and environmental risks 
at seven of the eight sites included in the 
program; an RA was not performed for 
Landfills 2 and 3, a solid waste management unit 
(SWMU). The seven sites include four sites that 
have Resource Conservation and Recovery Act 
(RCRA)-regulated units proposed for closure, one 
potentially contaminated site (PCS), and two 
underground storage tank (UST) sites. The seven 
sites are listed below with the abbreviations 
developed for this Appendix. The site locations 
are shown on Plate 1.2. 

Existing Fire Drill Burn Pit (EBP; RCRA) 

Abandoned Fire Drill Burn Pit (ABP; RCRA) 

Site 8J Areas I, 11, and I11 (RCRA) 

Building 290 (RCRA) 

Ammumtion Crate Burn Area (AMMO; PCS) 

Building EXP 52/57 (EXP 52/57; UST) 

Former PX Facility (Old PX; UST). 

The objectives of the site investigation program 
described in the main report were to adequately 
characterize the nature and extent of potential 
contamination at the RCRA-regulated units and 
UST sites and perform a preliminary evaluation 
at the PCS in order to proceed with the pilot 
study phase of the feasibility study (FS) process 
(HLA. 1994). The ultimate objective of the work 
at EHL is to obtain clean closure of the 
RCRA-regulated units and UST sites. 

The RA program was performed before the start 
of the FS program, which includes various 
interim remedial actions (IRAs, such as pilot 
treatability studies) and final remedial actions 
(FRAs). Additional phases of site investigation 
will occur at some sites before final site closure; 
therefore, the focus of the RA program was on 
providing the information necessary to proceed 
with IRAs, additional site characterization, and 
final site closure through FRAs, as appropriate. 
This appendix describes the RA activities 
performed for each of the seven sites and the 
results. 

The RA program was conducted by (1) reviewing 
environmental analytical data, (2) assessing 
potential human and environmental health risks 
based on an evaluation of the analytical data, 
and (3) recommending further site 
characterization andlor remedial actions (IRAs or 
FRAs) at sites where exceedances of public 
health and environmental risk criteria may occur 
and where remediation to a target remediation 
goal (TRG) could reduce potential exposures or 
make them negligible. In the RA, human health 
and ecological risks were evaluated separately on 
a site-specific basis. 
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N2.0 SITE HISTORY AND BACKGROUND 

This section summarizes site information used to 
perform the RA. 

H2.1 Site History and 
Background 

Sections 4.2 through 4.9 of the main text of the 
SI report present the site history and background 
information for the seven sites addressed herein. 
Additional information necessary for performing 
the RAs for these sites is presented in 
Sections N3.0 through N8.0, as necessary. 

N2.2 Physical and Exposure 
Setting 

The physical setting (including topography. 
climate, geology, and hydrogeology) and other 
site characteristics at FHL (including 
demographics and land use) are summarized 
below. 

N2.2.1 Surface Features, 
Topography, and Surface 
Water Bodies 

Section 2.0 and Appendix C of the main text 
discuss the surface features, topography, and 
surface water bodies associated with the seven 
sites. The surface water bodies near the seven 
sites are shown on Plate 1.2 of the main text. 
These surface water bodies include the 
San Antonio and Nacimiento rivers (the 
dominant surface drainages in the FHL area), 
their associated drainages, and seasonal wetlands 
in the vicinity of t h e e  sites: AMMO, EXP 52/57, 
and Site 8J Area HI. The San Antonio River, 
Nacimiento River. and ruderal wetlands are 
seasonal, ephemeral or intermittent. 

N2.2.2 Climate 

FHL usually has long, hot, dry summers and 
short, relatively wet winters. Summer and fall 
daily maximum temperatures are typically in 
excess of 100 degrees Fahrenheit (CARE, 1984). 
The area experienced a drought over several 
years through ?991, consistent with much of the 
rest of California. Before 1984. annual 

precipitation averaged 11.25 incheslyear. 
approximately 84 percent of it occurring from 
November through March. Wind speeds average 
approuimately 3 to 4 miles per hour (mph). 
Winds are predominantly from the southeast 
during the winter and from the northwest during 
the remainder of the year. 

N2.2.3 Geology and Hydrogeology 

Sections 2.2.2 through 2.2.5 of the main text 
present the regional and site-specific lithology, 
stratigraphy, and hydrogeology information for 
FHL. The depths to groundwater (in feet below 
ground surface, figs) and predominant 
groundwater flow directions are discussed in 
detail in Section 4.0 on a site-specific basis in 
the main text, and summarized below: 

EBP: 19 to 26 fbgs; east to northeast 

ABP: 10 to 19 fbgs; southwest 

Building 290: 41 to 81 fbgs; north to 
southwest 

Old PX: 38 to 43 fbgs; east 

EXP 52/57: 11 to 15 fbgs; south to southwest 

AMMO: 17 fbgs; not determined 

8J (Areas I, II and 111): 13 to 36 fbgs; 
southeast. 

N2.2.4 Demography and Land Use 

The following demographics information for the 
areas surrounding FHL was compiled from a 
report by EA (1992). The closest communities to 
FHL are Jolon at Jolon and Mission roads and 
Lockwood at Jolon and Lockwood-San Lucas 
roads. The nearest city is King City, 
approximately 16.8 road miles to the east at 
US. 101 and Jolon Road (Monterey County 
Road G14). Jolon and Lockwood are 
unincorporated lwal communities. Other rural 
communities east of the post are San Lucas and 
San Ardo [Plate 1.1, main text). 
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Site History and Backaround 

The area has a relatively small population. The 
population of the entire unincorporated area of 
south Monterey County, excluding the coastal 
area and the King City sphere of influence, was 
only 6,490 as of 1990. This area is projected to 
increase by 36 percent to 8,815 by the year 2005, 
according to the Association of Monterey Bay 
Area Governments. The census tract that 
contains the communities closest to FHL had an 
estimated resident population in 1990 of 
1,074, projected to remain constant to the 
year 2005. Jolon has about 66 people. The local 
population at FHL can be as low as 500 or, when 
military field training exercises are being 
conducted, as high as 15,000. In 1986 there were 
576 active duty personnel and 128 civilian 
employe& on the post (AMBAG. 1988). 

According to the South County Area Plan 
(Montemy County Planning Department, 1987), 
apculture is the prima~y industry in the south 
Monterey County Planning Area (census tracts 
114.01 and 114.02): in 1980, almost 53 percent of 
the total labor force worked in agriculture. The 
military is the second largest sector, employing 
29 percent of the total labor force (EA. 1992). 

N2.2.5 Groundwater Use 

Domest~c water in south Monterey County is 
provided by individual wells, by mutual water 
companies that have been created to drill wells 
and semice two or more connections, and by 
water districts (San Ardo, with 350 people, and 
San Lucas, with 200). 

Based on a well inventory conducted by HLA in 
1991 and conversations with FHL personnel, 11 
currently active water supply wells were 
identified at FHL (HLA. 1991; Grindstafi 1994). 
Four of the 11 active water supply wells are 
connected to the main onsite water supply. 

These are Wells 380, 382, and 236 New (which 
are the main water supply wells on FHL), and 
Well 213 (which supplies supplemental water to 
the system, as needed). An additional 2 wells at 
the perimeter of FHL supply rural single-family 
housing units on the eastern border of the base; 
these wells are not connected to the main 
system. The remaining 5 supply wells are used 
for cattle watering, firefighting, dust control, and 
troop showers, and are not connected to the main 
system (HIA .  1991). Jolon residents and the 
Franciscan Brothers at Mission San Antonio 
de Padua use water from the main water supply 
system at FHL. 

Two of the 11 onsite water supply wells are near 
the seven sites. Well 236 New is approximately 
0.25 mile north and upgtadient of ABP and - 

0.75 mile southwest and upgradient of the Old 
PX. Well 213 is near the AMMO. The location 
of Well 213 in relationship to local groundwater 
flow 1s uncertain because the groundwater flow 
direction at AMMO has not been determmed. 

Groundwater monitoring wells used for the site 
investigation program are shown on various site- 
specific plates in the main text (e.g., Plate 4.2.6 
for EBP); none of these wells are used for any 
purpose other than for the FHL groundwater 
monitoring propam. 

On the basis of site history information and 
groundwater investigation results, groundwater at 
the seven sites has various potential beneficial 
uses (e.g., domestic, agricultural, industrial, and 
municipal). The poundwater is considered 
potable (RWQCB, 1986; measured total dissolved 
solids content is less than 10,000 milligrams per 
liter [mgfl]). 

K31741-H 
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N3.0 DATA EVALUATION 

This section describes the methods used to 
identify a usable dataset for the RA. This dataset 
is used in Section N4.0 to identify chemicals of 
potential concern (COPCs) at each of the seven 
sites. Tables Nla through N7d present statistical 
summaries of the RA datasets for each site, as 
identified in this section. Data for soil, 
groundwater, and sediment samples collected 
during previous consultants investigations and 
HLA's investigations were evaluated to identify a 
usable dataset for the RA. The data validation 
and evaluation protocol used to evaluate data 
quality is discussed in Appendix I, Rejected data 
(i.e., qualified as R based on data validation) 
were not included in the RA dataset 
(Appendix I). All other qualified data, with the 
exception of the data discussed below, were 
included in the RA. All data for duplicate 
samples were included (i.e., duplicates were not 
averaged in this RA). 

All sludge and wastewater data for drum, 
stockpile, and other nonstandard samples 
(Table N8; e.g., sludge from Building 290 acid 
neutralization pit) were excluded from the RA: 
these data are not representative of site 
conditions considered for evaluation in the RA. 
In addition, 1993 groundwater monitoring data 
and data from soil removal during trenching 
activities were excluded. 

Unfiltered groundwater samples were collected at 
some sample locations, as discussed in 
Section 4.1.3, main text, and Table 4.1.4. 
Inorganic chemical analysis results for unfiltered 
groundwater samples were not included in the 
RA because these samples are not believed to be 
representative of groundwater conditions 
(Section 4.1.3); however, these data were used to 
evaluate whether chemicals with a tendency to 
migrate from soil to water may be present in 
groundwater. Dissolved aqueous chemical 
concentration data for filtered groundwater 
samples were included in the RA dataset used to 
evaluate groundwater exposures via the ingestion 
and inhalation routes of exposure, as appropriate. 
The filtered samples also provide data that can be 
directly compared ta  drinking water standards 
such as maximum contaminant levels (MCLs). 

wh~ch are based on ingest~on from a potable 
drinking supply; unfiltered data are not 
representative of a potable drinking supply. 
MCLs are chemical-specific enforceable drinking 
water standards for potable groundwater 
resources and consider both the protection of 
human health and the economic and 
technological feasibility of treating or removing a 
chemical from a water supply (Table 4.1.1, main 
test). 

Data for the following minerals and essential 
nutrients were not included in the RA: calcium, 
iron, magnesium, potassium, and sodium. EPA 
(19896) recognizes that essential nutrients 
present at low concentrations (i.e.. below or 
sl@tly above naturally occurring levels) and 
toxic only at very high doses need not be 
considered in a quantitative RA. In addition, 
data for chloride, nitrate, nitrite, and sulfate were 
not included in the RA. These inorganics were 
analyzed to evaluate the gfoundwater quality, 
were detected at very low concentrations that 
were generally below MCLs, and are not expected 
to be present as a result of point-source releases 
(Section 4.0, main text). 

Data for all detected tentativeIy identified 
compounds (TICs) were reviewed (Section 4.1.4, 
main text). TICS were not included in the RA 
consistent with EPA guidelines and 
recommendations (EPA, 1989b) and the following 
rationale: 

The detected TICS are more than likely 
associated with TPH 

Toxicity values are not readily available for 
most detected TICs 

The reported concentrations are generally 
lower than other reported TPH, VOC, and 
SOC concentrations. 

The reported concentxations of TICS at FHL 
indicated that these chemicals are most likely 
hydrocarbon related, naturally occurring, or 
laboratory artifacts, and most TICs were detected 
infrequently and at low concentrations; therefore, 
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Data Evaluation 

TICS were eliminated from further consideration 
in the RA. 

Upon review of the resulting dataset, sample 
quantitation limits (SQLs) for chemicals analyzed 
for but not detected at FHL were evaluated by 
reviewing the range of detection limits reported 
for each analyte. The SQLS were not highly 
elevated and chemicals detected at the seven 
sites were therefore considered representative of 
site conditions. 

The dataset was converted to concentration units 
of mg/kg and pgA for soil and groundwater, 
respectively, prior to generation of statistical data 
summaries. Tables Nla - N7d present summaries 
of the RA dataset for surface soil (less than 
1 fbgs), and subsurface soil (1 to 3, 3 to 8, and 
greater than 8 fbgs), groundwater, and sediment 
at each of the seven sites, as applicable. Soil 
data were partitioned on the basis of depth to 
provide a more detailed environmental evaluation 
(Section N6.0). The surface soil sampling depths 
were partitioned in a manner consistent with 
EPA Region IX guidelines (EPA, 1989d). Each 
site has a separate set of data tables 

(e.g., Tables Nla through Nle refer to Site EBP, 
N2a through N2e to Site ABP, etc.). The number 
of analyses, number of detects, frequency of 
detection (FOD), and the minimum, arithmetic 
mean, maximum, and 95 percent upper 
confidence level (UCL) concentrations are 
provided. The locations at which the minimum 
and maximum were detected are also presented. 
The arithmetic mean is presented instead of the 
geometric mean, as the distribution of the data 
was not evaluated in detail. Environmental data 
are usually log-normally distributed; therefore 
use of the geometric mean is usually more 
appropriate. However, consistent with EPA 
guidelines (EPA, 1989b), the arithmetic mean was 
used to evaluate average conditions, although at 
some sites this may be more conservative than 
using the geometric mean. For chemicals that . 
were detected at least once in an environmental 
medium at a sitei the arithmetic mean was 
calculated assuming one-half the SQL for 
nondetect values. As stated previously, no SQLs 
were eliminated from this assessment. Site data 
supporting Tables Nla - N7d are presented in 
Appendix I on a medium- and location-specific 
basis. 
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N4.0 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

This section describes the methods used to 
identify chemicals of potential concern (COPCs) 
for each of the seven sites. COPCs are potentially 
site-related chemicals that, on the basis of data 
validation and evaluation protocols and other 
screening criteria, are included for further 
evaluation in the RA. The purpose of identifying 
COPCs is to focus the RA on the most prevalent 
and toxic site-related and point-source-related 
chemicals detected at a site. The methods used 
to identify COPCs are consistent with guidelines 
developed by EPA (19896) for identifying 
chemicals likely to be site-related. 

Chemical data presented in Tables Nla - N7d for 
surface soil, subsurface soil, groundwater, and 
sediment at the seven FHL sites were evaluated 
to separately identify COPCs for the human 
health evaluation (HE; Section N5.0) and for the 
environmental evaluation (Section N6.0). 
Section N4.1 presents the methodology used to 
identify COPCs for the human evaluation; these 
methods are illustrated on Plate N1. 
Section N4.2 presents the methodology used to 
identify COPCs for the environmental evaluation; 
these methods are illustrated on Plate N2. 
COPCs for all seven sites are listed in Tables N9 
and NlO for the human and environmental 
evaluations, respectively. Results of the s i te  and 
medium-specific COPC identification process are 
presented in Tables Nlla  - N17d. 

Human COPCs 

The following steps, as shown on Plate N1, were 
used to identify COPCs for the human evaluation: 

Eliminate all chemicals with an FOD or 
5 percent of less (EPA, 19896). 

Compare detected metal concenQxtions in 
soil and sediment to appropriate soil 
background concentrations (Table B10) 
estimated based on methods described in 
Appendix B. Eliminate chemicals whose 
maximum and average concentrations are 
lower than their col~esponding background 
concentrations. Based on geological setting, 

the following three background datasets were 
used for each site as listed below: 

- Dataset 4: Floor of the San Antonio 
River Basin, underlain by alluvium and 
strata of the Monterey Formation (Sites 
EBP, ABP, AMMO, EXP 52/57) 

- Dataset 5: Eastern flank of the 
Nacimiento River Basin, underlain by 
alluvium and colluvium and the 
unnamed formation (Site 8J) 

- Dataset 6: Eastern flank of the San 
Antonio River Basin, underlain by 

. 

alluvium and the Paso Robles Formation 
(Building 2 90) 

- Dataset 7: Old PX. 

Compare detected concentrations of VOCs, 
SOCs, and metals in groundwater to available 
MCLs (Table 4.1.1). Eliminate chemicals 
whose maximum and average concentrations 
are lower than then corresponding MCLs. 

Compare detected chemical concentrations to 
HLA-calculated preliminary remediation 
goals (PRGs; Appendix M; Tables 4.1.2 
and 4.1.3) for chemicals with readily 
available toxicity values. Eliminate as 
COPCs chemicals whose maximum and 
average concentrations are lower than their 
corresponding PRGs. 

MCLs and PRGs are reference concentrations 
health-protective of humans potentially exposed 
to site-related chemicals via exposure pathways 
related to human contact with the medium of 
concern (e.g., ingestion of groundwater or soil). 
As described in Sections N4.1.3 and N4.1.4, 
MCLs and PRGs, respectively, are not applicable 
to potential ecological receptors. 

The methods described below in Sections N4.1.1 
through N4.1.5 were used to identify COPCs for 
evaluation of human health risks via direct soil 
contact pathways (ingestion of and dermal 
contact with soil), via soil inhalation pathways 
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(mhalation of dusts and vapors), and via direct 
groundwater contact pathways (ingestion and 
inhalation of groundwater during domestic use as 
a drinking water source and for showering). 
These exposure pathways were also considered in 
calculating the PRGs (Appendix MI. The COPCs 
for the human health evaluation are summarized 
in Table N9 for all sites. Tables Nl la  - N17d 
present the results of the COPC identification 
process. 

N4.1.1 Frequency of Detection 

EPA (1989b) recopizes that chemicals detected 
infrequently may be artifacts of sampling and 
analytical procedures or other problems, and 
therefore recommends that chemicals detected 
infrequently (e.g., frequency of detection [FOD] 
less than 5 percent) be eliminated from RAs. 
Therefore, as shown in Tables N l l a  - N17d, 
organic chemicals with FODs less than 5 percent 
are noted with an N (No) and eliminated as 
COPCs. All acetone, carbon disulfide, methylene 
chloride, methyl isobutyl ketone (MIBK), 
phthalates (e.g., bis[2-ethylhexyllphthalate, 
di-n-butyl phthalate, diethyl phthalate, and 
dimethyl phthalate) were eliminated as COPCs 
because they were detected infrequently, at low 
concentrations, are more than likely laboratory 
contaminants, and their contribution to overall 
health risks at the sites would be minimal. 

N4.1.2 Comparison to Background 
Concentrations 

The EPA (19896) recommends that detected 
inorganic chemical concentrations be compared 
with backaound concentrations developed for 
the site (or vicinity of the site] because &any 
inorganic chemicals occur naturally in the 
environment. Detected concentrations of metals 
in soil at FHL were compared to site-specific 
background threshold values, as described below, 
to identify those metals likely to be site-related 
(i.e., not naturally occuming). In the absence of 
site-specific background concentrations for ~ , 

groundwater, potential applicable or relevant and 
appropriate requirements (ARARs) were compiled 
and used for screening purposes as described in 
Section N4.1.3. 

Background threshold concentrations for metals 
(Appendix B: Table B10) in soil are based on 
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site-specific lithologies. These background 
threshold concentrations were identified as 
described in Section 3.0, main text. For the 
purpose of the RA, the maximum and average 
concentrations of metals detected in soil were 
compared to the appropriate background 
concentrations. Chemicals whose maximum or 
average concentrations exceeded background 
were included in further steps of the COPC 
identification process if their FODs exceeded 
5 percent. All metals whose maximum and 
average concentrations were below background 
were eliminated as COPCs, as indicated by an N 
(No) in Tables Nl la  - N17d. Any metals with a 
Y (Yes) were further evaluated to determine if the 
detected metals in soil were likely to be site- 
related. This evaluation included consideration 
of: (I) the frequency and degree of exceedances 
of background concentrations. (2) evidence of 
point-source releases, and (3) expected 
background concentrations for the western 
United States. Results of this evaluation are 
summarized below. 

In general, few detected concentrations of 
metals in soil at depths up to 8 fbgs exceed 
the FHL site-specific background threshold 
concentrations (Tables Nlla  - N17d). 

Of those concentrations greater than 
background, almost all are less than twice 
the background concentration. 

As discussed in Section 4.1.1 of the main 
text, metals in soil exceeding background 
were evaluated for evidence of point source 
releases related to site usage. Results of this 
evaluation are presented for each site in 
Sections 4.2 through 4.9. and indicate that 
metals detected in soil at the seven sites are 
unlikely to be site-related. 

Detected concentrations of metals were 
compared to expected background 
concentrations for the western United States 
(ATSDR, 1990). All detected concentrations 
are within the range reported for the western 
United States. 

On the basis of these results, metals detected in 
soil were not identified as COPCs and were 
therefore not evaluated further in the RA. 
Background data were not available for organ~c 
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Identification of Chemicals of Potential Concern 

chemicals in soil; all organic chemicals detected 
in soil were evaluated in subsequent steps of the 
COpC process, as described below. 

N4.1.3 Comparison to MCLs 

In the absence of site-specific background 
concentrations for groundwater, potential ARARs 
wem compiled and used for screening purposes 
(Table 4.1.1). These ARARs include both current 
and proposed federal primary MCLs, California 
primary MCLs, and secondary MCLs (DHS, 1991: 
EPA, 1991 Q; 1993~). For screening purposes 
only, these values were used in the COPC 
identlfication process. 

The maximum and average concentrations of all 
organic and inorganic chemicals detected in 
groundwater (Tables Nlla  - N17d) were 
compared to MCLs. Chemicals whose maximum 
or average concentrations exceeded an MCL were 
included in further steps of the COPC 
identification process if their FODs exceeded 5 
percent. All chemicals whose maximum and 
average concentrations were below MCLs were 
eliminated as COPCs. If an MCL was not 
available for a chemical, no comparison could be 
conducted and that chemical was evaluated in 
subsequent steps as described in Section N4.1.4. 

N4.1.4 Comparison to Preliminary 
Remediation Goals 

PRGs are risk-based concentrations of chemicals 
in soil or groundwater generally considered to be 
conservative and protective of human health. 
They are used herein as reference concentrations, 
not cleanup goals, to evaluate measured site 
concentrations of chemicals for the human health 
evaluation. PRGs were developed for all 
chemicals analyzed at FHL (Appendix M) and are 
presented in Tables 4.1.2 and 4.1.3 of the main 
text for soil and groundwater, respectively. PRGs 
were developed for four hypothetical receptors 
(adult and child residents. commercial workers, 
and construction workersj using conservative 
intake assumptions and standard toxicity values, 
in accordance with EPA and CaUEPA guidance 
(EPA, 1991f; 1993d: CalIEPA. 1992~. 1994). The 
toxicity values are based on many literature 
sources (Appendh M; EPA. 19850, b: 19860, 
1991g, 19920. j: 19930, 1994; CalIEPA. 1992~). 

The maximum and average concentrations of all 
chemicals detected in soil at all depths, in 
groundwater, or in sediment were compared to 
their respective PRGs (i.e., soil and sediment 
concentrations to soil PRGs and groundwater 
concentrations to groundwater PRGs). 
Comparing subsurface soil data to soil PRGs for 
resident and commercial worker receptors is 
extremely conservative because these receptors 
are not expected to be exposed to soil at 
subsurface soil depths. Potential exposure to 
subsurface soil is likely only for future 
hypothetical construction workers. Therefore, 
comparisons to soil PRGs should be limited to 
surface soil data for the hypothetical resident and 
commercial worker receptors evaluated herein, 
and to surface and subsurface soil data for 
construction workers. However, chemicals not. 
eliminated in any previous steps of the COPC 
identification process for the human evaluation 
and whose maximum or average concentrations 
exceeded any PRG (i.e., PRGs for any of the 
four hypothetical receptors) were conservatively 
retained as COPCs. Chemicals not eliminated in 
previous steps of the COPC identification process 
whose maximum and average concentrations 
were below PRGs were eliminated as COPCs. 

Cobalt is the only detected chemical for.whlch 
there were no readily available toxicity values; 
this chemical is not considered a publ~c health 
risk at the concentrations reported at the 
seven FHL sites addressed herein, because the 
reported concentrations may be typical of 
background conditions at these sites. Reported 
levels of cobalt at waste sites are generally 
approximately 300 mgkg and 3,120 pgll in soil 
and groundwater, respectively (ATSDR. 1991 ); 
concentrations in soil and groundwater at FHL 
sites are far below these concentrations. 

It should be noted that the PRGs listed on 
Tables 4.1.2 and 4.1.3, main text, not be used as 
final cleanup levels until after a11 data from site 
characterization and IRAs are completed and 
further evaluated at the seven sites. 

N4.1.5 Total Petroleum 
Hydrocarbons 

Petroleum hydrocarbon mixtures, including 
gasoline. diesel, fog oil, motor oil, oil and grease. 
and other M n o w n  TPH mixtures, were detected 
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in soil and goundwater at some of the FHL sites 
(Tables Nla - N17d; Section 4.0, main text). 
VOCs [e.g., benzene) in purgeable TPH mixtures 
such a s  gasoline are generally considered to 
represent the most toxic constituents of these 
mixtures. The SOCs and polynuclear aromatic 
hydrocarbons [PAHs; e.g., benzo(a)pyrene) in 
extractable TPH mixtures such as diesel, motor 
oii, fog oil, and oil and grease are generally 
considered to substantially account for the 
toxicity of these mixtures. At FHL, VOC and 
PAH analyses were performed for almost all of 
the samples in which TPH was detected to 
provide a representative dataset of constituents 
associated with TPH-impacted areas. Therefore, 
evaluation of TPH mixtures in the RA was 
accomplished through an evaluation of the 
individual constituents (VOCs such as benzene, 
toluene, ethylbenzene and xylenes [BTEX], and 
PAHs), based on the protocol shown on Plate N1. 

TPH in soil at 100 mgkg was identified as an 
acceptable concentration following remediation 
of TPH-contaminated soils (MCDOH, 1993). It is 
therefore expected that soils with detected TPH 
concentrations in excess of 100 mgkg will be 
removed during IRAs and FRAs and may in fact 
remove other COPCs related to TPH [e.g., 
toluene, benzo(a)pyrene). To assist in site 
characterization, TPH mixtures were qualitatively 
evaluated by comparing detected concentrations 
of TPH to the Monterey County requirement of 
100 mgkg. as discussed in Section 4.1.1 of the 
main text. 

Plate N2 presents the steps performed to identify 
COPCs for the environmental evaluation. The 
methods discussed below were used to identify 
COPCs for evaluation of possible exposure to 
ecological receptors. As shown, the steps used to 
select environmental COPCs were also used to 
select human COPCs, with the following 
exceptions: 

MCLs and PRGs were not used as a reference 
concentrations in the environmental 
evaluation because they are related to human 
direct contact exposure pathways [e.g., 
mgestion of soil andtor groundwater). 

The goundwater at the sites is encountered 
a t  10 or more fbgs and is therefore 
considered inaccessible to biota. Rooty 
systems of most herbaceous plants take up 
water and soluble nutrients and other 
chemicals at shallow depths, between the 
surface and 3 feet (Donahus st GI., 1983). 
For this reason, and because bumwing 
animals would not be expected to burrow to 
depths geater than 3 fbgs, exposure of biota 
to chemicals in subsurface soil greater than 
3 fbgs and groundwater is not expected. 
Therefore, no environmental COPCs were 
identified in groundwater or in subsurface 
soil greater than 3 fbgs. 

Methods used to identify environmental COPCs 
are discussed below. The environmental COPCs 
are summarized m Table N10: results of the 
COPC identification process are presented in 
Tables Nl la  - N17d. 

M4.2.1 Frequency of Detection 

As discussed in Section N4.1.1, chemicals 
detected infrequently may be artifacts of 
sampling and analytical procedures or other 
problems. EPA therefore recommends that 
chemicals detected infrequently (e.g., FOD less 
than 5 percent) be eliminated from RAs. 
Therefore, as shown in Tables Nlla  
through N17d, organic chemicals with FODs less 
than 5 percent are noted with an N (No) and 
eliminated as COPCs. All acetone, carbon 
disulfide, methylene chloride, methyl isobutyl 
ketone (MIBK), phtbalates 
(e.g., bis[2-ethylhexyljphthalate, di-n-butyl 
phthalate, diethyl phthalate, and dimethyl 
phthalate) were eliminated a s  COPCs because 
they were detected infrequently, at low 
concentrations, are more than likely laboratory 
contaminants, and their contribution to overall 
environmental risks at the sites would be 
minimal. 

M4.2.2 Comparison to Background 
Concentrations 

As discussed in Section N4.1.2, detected 
concentrations of metals in soil were evaluated to 
identify those metals likely to be site related. On 
the basis of distribution and concentrations of 
the metals, as discussed in Section N4.1.2, metals 
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in soil were considered to be naturally occurring 
and were not considered further in the RA. 

N4.3 Summary of COPC 
Identification 

Chemicals selected as COPCs and evaluated 
further in the human and environmental 
evaluations are presented in Tables N9 and N10, 
respectively, and summarized below: 

EBP: Benzo(a)pyrene in subsurface soil at 
8 fbgs and benzene, cadmium, and 
molybdenum in groundwater for the human 
evaluation; toluene in soil up to 3 fbgs for the 
environmental evaluation. 

ABP: No COPCs were identified for the 
human or environmental evaluation. 

8J Area I: No COPCs were identified for the 
human or environmental evaluation. 

8J Area 11: Benzene in groundwater for the 
human evaluation; and ethylbenzene and 
toluene in surface soil and toluene in 
subsurface soil up to 3 fbgs for the 
environmental evaluation were identified as 
COPCs. 

K31741-H 
March 2 4 .  1995 

8J Area 111: No COPCs were identified for the 
human evaluation; toluene in subsurface soil 
(1-3 fbgs) was identified for the 
environmental evaluation. 

Building 290: No COPCs were identified for 
the human evaluation; toluene, vinylchloride 
and benzo(ghi)perylene in subsurface soil (I- 
3 fbgs) were identified for the environmental 
evaluation. 

AMMO: No COPCs were identified for the 
human evaluation; 1,2,3,4,6,7,8-HpCDD, 
total HpCDD and OCDD in surface soil (0-1 
fbgs) were identified for the environmental 
evaluation. 

EXP 52/57: No COPCs were identified for 
the human or environmental evaluation. 

Old PX: No COPCs were identified for the 
human or environmental evaluation. 

These COPCs were further considered in the RA. 
Any potential data gaps associated with the site 
characterization propam that resulted in this list 
of COPCs are discussed as necessary in 
Sections N5.0, N6.0, and N8.0, and the main text. 
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N5.0 HUMAN EVALUATION 

The human evaluation (HE) is divided into two 
sections, Exposure Assessment [Section N5.1, 
including receptor identification and pathway 
analysis) and Risk Characterization 
(Section N5.21, consistent with EPA guidance on 
conducting human health risk assessments (EPA, 
19896). The objective of the HE is to evaluate 
whether the COPCs identified in Section N4.0 
could adversely affect potential human receptors' 
at any of the seven sites. 

N5.1 Exposure Assessment 

This section identifies the potential pathways of 
exposure related to human receptors that may 
come into contact with COPCs identified at the 
seven sites [Table N9). In general, an exposure 
pathway is defined by four elements: (1) a 
source of chemical release into the environment, 
(2) the fate and transport of the chemical in the 
media to which it is released; (3) a point of 
potential human andlor ecological exposure; and 
(4) a route of exposure (i.e., inhalation, ingestion, 
or dermal contact) by which the receptor may 
contact the contaminated medium. The 
following sections present site-specific 
~nformation needed to determine whether the 
potential exists for all four of these components 
to be present now o; in the future. The sections 
are organized as follows. Section N5.l.l presents 
the potential human receptors at the sites. 
Section 5.1.2 presents the evaluation of potential 
exposure pathways for these human receptors. 
Section N5.1.3 presents a summary of potentially 
complete exposure pathways considered for 
further evaluation in the RA. Information on the 
physical and exposure settings at FHL is 
presented in Section N2.0. 

N5.1.1 Potential Receptors 

It is anticipated that site land uses will not 
change from military to residential; however, for 
the purpose of evaluating clean closure plans for 
the seven sites, conservative hypothetical future 
residential, commercial, and construction worker 
exposure scenarios were evaluated, consistent 
with EPA guidelines.(EPA, 1989b. 1991fl. 
Therefore, four hypothetical human receptors 

were considered: a cunent/future commercial 
worker, a future child and adult resident, and a 
future construction worker. 

Residents currently living near FHL were not 
evaluated because any potential health risks to 
offsite receptors would be less than those 
estimated for future onsite residential receptors, 
as onsite receptors have the greatest potential for 
exposure. The exposure scenarios assumed 
herein are based on no further remedial action at 
the sites (baseline conditions), consistent with 
EPA guidelines (EPA, 29896). 

Because the human receptors assumed herein 
may never come into contact with the COPCs at 
the concentrations assumed herein, the exposure 
scenarios evaluated are hypothetical. An 
evaluation based on hypothetical scenarios 
ensures that all potential exposures have been 
evaluated and site health risks are bracketed in a 
health-protective (i.e., conservative) manner. 

N5.1.2 Potential Complete 
Exposure Pathways 

The exposure pathways commonly evaluated in 
RAs (EPA. 1989b) listed on Plate N3 were 
reviewed to identify potentially complete 
exposure pathways at each site, based on the 
COPCs presented in Tables N9 and the potential 
human receptors identified in Section N5.1.1. 
Exposure pathways with the greatest potential for 
human exposure (primary pathways) were 
evaluated in detail; less likely pathways were 
evaluated briefly. Potential human exposure to 
COPCs in soil, groundwater, surface 
watedsediment, and air are discussed below. 

N5.1.2.1 Potentlal Human Exposures 
to COPCs in Soil 

One COPC, benzo(a)pyrene, was identified in soil 
for the HE. Because the detected benzo[a)pyrene 
was detected at concentrations seater than 8 
fbgs, it is not expected that current and/or future 
hypothetical receptors would come into contact 
with COPCs at depths greater than 8 fbgs. 
including a construction worker. Data from 
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future site characterization studies may need to 
be evaluated as (1) additional site 
characterization of possible organics at depth at 
EBP, Building 290, and EXP 52/57, and dioxins in 
surface and subsurface soil at AMMO, EBP, and 
ABP become available, and (2) additional data 
during implementation of the pilot treatability 
studies proposed for EBP, Building 290, 
EXP 52/57 and ABP become available 
(HLA,  1994). However, based on the current 
available dataset and COPCs, soil pathways (e.g. 
ingestion of soil, dermal contact with soil, 
inhalation of dusts and inhalation of vapors) 
were not further considered in this RA. 

N5.1.2.2 Potential Human Exposure 
to COPCs in Groundwater 

Two VOCs (benzene and tetrachloroethene) and 2 
metals (cadmium and molybdenum) were 
identified as COPCs in groundwater for the HE 
(Table N9). However, under the current site 
conditions, exposure to these COPCs in 
groundwater is not expected for the followmg 
reasons: 

No onsite drinking water wells currently exist 
at any of the sites; therefore, no current point 
of exposure exists for direct contact with 
groundwater 

Existing drinking water wells are not 
downgradient of any of the sites with known 
groundwater flow directions (Section N2.2.5); 
at the AMMO, Well 213 is not expected to be 
contaminated with site-related COPCs 
(Section N2.2.5) 

Volatilization of COPCs from groundwater to 
amb~ent air is not expected because the depth 
to groundwater ranges from 10 to 80 fogs 
(Section N2.2.3), reported VOC 
concentrations in groundwater are low 
(Tables Nla - N7d), and release of vapors 
would be attenuated by surface cover types at 
some sltes (e.g.. pavement). 

Groundwater from these sites is not likely to 
be discharging to the intermittent or 
ephemeral creeks and rivers in the vicinity of 
these sites. Plate 1.2, main text, shows the 
location of-the cieeks and rivers near the 
seven sites. Factors such as adsorption and 

attenuation, distance, low groundwater flow 
rate, and dilution will affect the migration of 
COPCs. These factors would likely reduce 
concentrations to nondetect levels prior to 
any discharge to offsite surface water bodies 
in the vicinity of these sites. 

Therefore, current exposure scenarios were not 
further considered in the RA. Although site land 
uses will likely not change from military to 
residential, a conservative hypothetical future 
residential exposure scenario was evaluated, 
consistent with EPA guidelines (EPA, 19896. 
1991fl, in order to evaluate clean closure plans 
for the seven sites. For the purpose of this 
evaluation, it was assumed that drinking water 
wells might exist in the future. thereby providing 
a potential point of contact to COPCs in 
groundwater. The potentially complete pathways 
associated with a hypothetical future scenario 
include ingestion of groundwater as drinking 
water and inhalation of vapors durmg domestic 
use of groundwater (EPA, 1991f. 1993d). 

Some organic COPCs in soil may continue to 
present a pathway for chemical contamination of 
groundwater; however, it is unlikely that the few 
VOCs. PAHs, and dioxins listed as COPCs in soil 
for both the human and environmental 
evaluation (Tables N9 and N10, respectively) 
would present a sigmficant effect on groundwater 
at the reported concentrations which are low 
(Tables Nla - 7d). This may need to be further 
evaluated in conjunction with soil IRAs and 
mZAs (e.g., groundwater treatment and 
monitoring programs) proposed at these sites. 
However, based on the surface cover types at the 
sites (i.e., buildings and pavement) and 
mitigation measures proposed at the sites 
(HLA, 1994), chemical migration from soil to 
groundwater and subsequent potential discharge 
to surface water bodies will be reduced, and may 
be made negligible. Therefore, no quantification 
of chemical migration to groundwater was 
deemed necessary for RA or FS activities. 
However, data from subsequent site 
characterization studies may need to be 
evaluated in the future. Potential data gaps for 
fully assessing this pathway exists at some sites 
(e.g., EBP). 

K31741-H 
March 24. 1945 
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N5.1.2.3 Potential Human Exposures 
to COPCs In Surface Water 
and Sediments 

Most of the surface water bodies near the seven 
sites are ephemeral or intermittent. Surface soil 
COPCs were not identified. Surface water m o f f ,  
therefore, is not expected to be a significant 
pathway for site-related chemicals to adsorb to 
sediments or migrate to other surface water 
bodies. Sediment data are only available for 8J 
Area 111, where the surface wafer body onsite, a 
pond, may have potentially been a discharge 
point for chemicals migrabg from 8J Area 111. 
COPCs in sediment were not identified and the 
toluene concenbations in subsurface soil in an 
adjacent location were low (less than 1 m&g; 
Tahle N3h); therefore, Site 8J was not further 
evaluated in the RA. Groundwater is not 
expected to discharge contaminants from Areas I 
and 11 to Area 111 now or in the future, as long as 
proper hazardous waste management practices 
are implemented during military operations at 
Area I and 11. 

Ruderal ephemeral wetlands exist at sites such as 
ABP and AMMO during the rainy season. These 
ruderal wetlands are not expected to he 
contaminated enough or result in signtficant 
human health risks. Surface soil COPCs were 
not identified and potential exposure durations 
are less than 3 months. On the basis of fate and 
transport considerations, chemicals from these 
sites are not likely to reach permanent surface 
water bodies (e.g., San Antonio River) through 
stormwater runoff or recharge from goundwater 
(Section N5.1.2.2). Surface water pathways were 
therefore not considered further in the RA. 

N5.1.2.4 Potential Human Exposures 
to COPCs In Air 

Potential air pathways were evaluated Sections 
N5.1.2.1 through N5.1.2.3. No exposures to 
COPCs via air pathways are expected. 

N5.1.3 Summary of Potential 
Complete Exposure 
Pathways 

No potentially complete pathways were identified 
under currentsite conditions. Based on current 
data, the ingestion of groundwater and inhalation 

of groundwater by hypothetical future receptors 
may be the only significant complete pathway at 
the seven FHL sites. This pathway could 
potentially he complete at those sites with 
COPCs identified in groundwater: that is, EBP 
and EXP 52/57. Although one COPC, benzene, 
was identified in groundwater at Site 8J Area 11, 
groundwater in this area is not expected to be 
used for drinking water purposes even under a 
future scenario because of elevated 
concentrations (i.e., greater than MCLs) of nitrite 
and sulfate in the groundwater. Although no 
known drinking water supply wells are 
contaminated and future wells are not expected 
to he located near these three sites with COPCs 
in groundwater, ingestion and inhalation of 
groundwater from a hypothetical onsite well was 
further quantified in Section N5.2. 

Because no complete pathways were identified at 
ABP, Site 81, Building 290. AMMO. or the Old 
PX, these sites were not further evaluated in the 
HE. 

N5.2 Risk Characterization 

This section describes the quantitative methods 
used to characterize potential adverse health 
effects associated with exposure to COPCs in 
groundwater at the EBP and EXP 52/57. 
Potential adverse health effects were 
characterized through comparison of detected 
concentrations of COPCs in groundwater to 
groundwater PRGs. PRGs are risk-based 
concentrations of chemicals in soil or 
gmundwater generally considered to he 
conservative and protective of human health. 
PRGns and PRGcs were developed for chemicals 
based on noncancer and cancer health effects. 
respectively, as appropriate, depending on a 
chemical's known toxicity. Groundwater PRGns 
and PRGcs are listed in Tahle 4.1.3 (main text); 
the method used to develop them is presented in 
Appendix M. 

N5.2.1 Evaluation of Potential 
Nonlancer Health Effects 

To evaluate the possible noncancer health effects 
associated with exposure to COPCs in 
groundwater, detected concentrations of the 
COPCs in poundwater at each site were 
compared to groundwater PRGns. To evaluate a 
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reasonable maximum exposure (RME), the lesser 
of the 95 percent upper confidence limit (UCL) 
and the maximum detected concentrations (as 
shown in Tables Nla through N7d) was used. 
An average, or "more typical" exposure was 
evaluated by using the average COPC 
concentxation (as shown in Tables Nla through 
N7d). RME and average concentrations were 
compared to the lowest PRGn for each chemical 
(Table 4.1.3); this ratio is shown as the hazard 
index (HI] in Tables N18 and N19, respectively. 
To evaluate multi-chemical exposures, HIS were 
summed for all COPCs at a site, as shown in 
Tables N18 and N19. 

Assuming that noncancer health effects are 
additive, HIS of less than unity (1)-indicate that 
adverse noncancer health effects are unlikely. 
His greater than unity indicate that potential 
adverse noncancer health effects may be 
associated with exposure to COPCs. 

Results of this evaluation indicate that 
unacceptable noncancer health effects may be 
associated with COPCs in groundwater at EBP if 
groundwater containing cadmium and 
molybdenum were ingested simultaneously under 
an RME scenario (HI of 2). However, metals 
concentrations in groundwater may be related to 
background conditions. HIS at EXP 52/57 for 
tetrachloroethene are far below unity. 

N5.2.2 Evaluation of Potential 
Cancer Risks 

Assuming that the effects posed by different 
COPCs are additive (no synergistic or 
antagonistic interactions) and that chemical 
concentrations and other exposure parameters are 
constant throughout the exposure period, the 
baseline cumulative cancer risks were evaluated 
by comparing the average and RME detected 
concentrations of COPCs to the lowest 
groundwater PRGc from Table 4.1.3, using the 
equation below: 

Cumulative Excess Cancer Risk = 

'-? [TR x -1 
PRGci 

(Equation N5-1) 

where: 

TR = Target lifetime excess 
cancer risk, assumed 
1 x lo6 

ci =z Concentration of 
chemical i (mg/kg or m d )  

PRGq = PRG for chemical i (mg/kg 
or mgll) based on cancer 
risks 

The groundwater concentrations shown in 
Tables Nla - N17d were converted to mgA prior 
to incorporation into equation N5-1, as necessary. 
The cumulative risk was compared to the target 
cancer risk range of l o 4  to l o6  (i.e., a 
one-in-10,000 to one-in-1,000,000 probability that 
an exposed individual will develop cancer in his 
or her lifetime from chemical exposure), 
identified in the National Contingency Plan 
(NCP; EPA, 1989b, 1990a. 1991h) as an 
acceptable residual risk level. Risks in excess of 
this range indicate that potential cancer risks 
associated with exposure to COPCs in 
groundwater may be unacceptable. The results of 
this evaluation are summarized below for each 
site for which cancer risks were estimated: 

EBP: Potential cancer risks were evaluated 
for benzene, cadmium, and molybdenum in 
groundwater. Resulting cancer risks based 
on a future hypothetical average and RME 
residential scenario are 6 x 10d and 2 x lo5, 
respectively. The risk estimates are within 
the target risk range identified as acceptable 
in the NCP. 

EXP 52/57: Potential cancer risks were 
evaluated for benzene and tetrachloroethene 
in groundwater. Resulting cancer risks based 
on a future hypothetical average and RME 
residential scenario are 5 x 10" and 2 x lo4, 
respectively. The RME risk estimate is 
slightly above those identified as acceptable 
m the NCP for a RME scenario assuming 
groundwater containing a mixture of benzene 
and tetrachloroethene were used as a 
domestic water source. 
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N6.0 ENVIRONMENTAL EVALUATION 

This environmental evaluation (EE) is divided 
into sections that address the four components of 
an ecological risk assessment, consistent with 
EPA guidance (EPA. 1992d). These four 
components are: 

Problem Formulation 

Exposure Assessment 

Effects Assessment 

Hazard Evaluation (also referred to as Risk 
Characterization) 

The objective of the EE is to evaluate the COPCs 
identified in soil (Section N4.0 and Table N10) 
and their potential for adversely affecting 
ecological receptors identified at the seven sites 
addressed in this RA. Each of the components is 
described below on a site-specific basis, as 
appropriate. 

N6.1 Problem Formulation 

The objectives of and issues to be addressed in 
the EE are defined in the problem formulation 
component. This is accomplished by conducting 
and evaluating the results of habitat and species 
surveys at the site and surrounding areas, to 
thoroughly describe a site's ecological setting. By 
reviewing the ecoiogical setting and the COPCs, 
an evaluation of any potential for overlap 
between impacted areas at a site and the existing 
or expected habitats and species frequenting the 
area, is performed. In this manner, both possible 
current and future exposures to ecological 
receptors are addressed. 

HLA performed field surveys to identify habitats 
and plant and animal taxa at and in the vicinity 
of the seven sites (observed species; Table 3.3, 
main text). Observed animal species include 
both directly observed species and species 
observed indirectly through evidence indicating 
their presence (e.g., burrows, tracks, scat, and 
vocalizations). Extensive literature review was 
also perfonned to identify special status plant 
and animal species -that might occur in the 

vicinity of the seven sites (expected species: 
Table 3.2, Section 3.2.1 main text). The term 
special-status used in this report applies to plant 
and animal taxa (species, subspecies, and 
varieties) that (1) are protected under state and 
federal regulations (e.g., federally listed 
endangered species) or (2) are considered rare 
enough that they are inventoried by the 
California Department of Fish and Game (DFG) 
regardless of their legal or protection status 
(e.g., "special-status plant species"). The 
biological survey is discussed in more detail in 
Section 3.2 of the main text and in Appendix C, 
Site Biological Resources. 

For the purposes of this EE, both observed and 
expected special status animal and plant taxa 
and communities at the sites and in the vicinity 
of FHL were considered ecological receptors that 
may potentially come into contact with COPCs 
now or in the future. The expected activities of 
these species (e.g., foraging, breeding, nesting), 
and applicable predator-prey relationships were 
used in combination with information on the 
reported concentrations, their locations, and the 
expected fate and transport propertjes of each 
COPC, to assess possible current or future 
exposures. HLA's surveys were not timed to 
maximize observation of nocturnal, seasonally 
active, or migratory taxa; however, the results of 
the survey were consistent with those identified 
in the U.S. Fish and Wildlife report (FWS, 1991); 
therefore the list of ecological receptors was 
considered complete for this assessment. 

All of the sites evaluated have been significantly 
disturbed and native species have been largely 
replaced by plants and animals adapted to 
disturbed conditions: therefore the sites would 
not provide suitable habitat for many special 
status organisms (Section 3.2, main text, and 
Appendix C). However, many special-status 
species have been observed at or in the vicinity 
of FHL; therefore, this EE focuses on the 
potential for these special-status species to be 
exposed to COPCs at the seven sites should the 
habitat overlap currently or in the future with 
areas where COPCs occur or are expected to 
occur. 
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As presented in Section N3.0 and Table N10, 
special status receptors at these sites are not 
expected to contact chemicals at depths greater 
than 3 fbgs; therefore the COPCs addressed 
herein are those detected in depths shallower 
than 3 fbgs. 

In Sections N6.1.1 through N6.1.7, in order to 
focus the EE, the habitats at each of the seven 
sites were reviewed and summarized from 
Appendix C. In addition, special-status species 
elther observed or expected at each site are 
identified and the relationship of the habitats and 
special status species to the COPCs identified in 
Table N10 are summarized. 

N6.1.1 EBP 

The onsite area at EBP is abandoned and 
unpaved, without buildings, and surrounded by a 
barbed wire fence: the area within the fence is 
disturbed, with ruderal vegetation (i.e, grasses, 
herbs, and forbs that grow in disturbed areas). 
There are no buildings onsite. Offsite areas 
include non-native grassland to the south, east, 
and north, and foothill pine-oak woodland to the 
west. One special-status plant species, purple 
needlegrass (Stipa pulchra), was observed in the 
southern comer of the site and offsite to the 
southeast. No special-status animal taxa were 
observed or expected, as the use of the site by 
animals is limited due to the high level of 
disturbance, low quality of the vegetation, and 
the fencing surrounding the site. Toluene, the 
only COPC in soil, was detected at concentrations 
far below 1 mgikg in the surface soil (I fbgs) and 
subsurface soil (3 fbgs) at 0.007 to 0.01 mg/kg, 
respectively (Tables Nla and Nlb). Because 
purple needlegrass, a special status species, may 
potentially come into contact with COPCs, this 
site was further evaluated in the EE in Section 
6.2, Ekposure Assessment. 

N6.1.2 ABP 

The onsite area at ABP is abandoned, unpaved 
and without buildings. Vegetation is ruderal 
non-native grassland which surrounds the site. 
No special-status animals were observed or are 
expected to occur onsite due to the high level of 
disturbance and low quality of the vegetation. 
Dens that may be used by the San Joaquin kit fox 
pulpes mocrotis mutica), a federal and state 
listed endangered species, and the American 
badger (Taxidea taxus), a California species of 

special concern, were observed at locations 150 
to 450 feet away from the site. No special-status 
plants were observed or are expected and no 
COPCs were identified at ABP. Therefore, no 
further evaluation of the site was conducted in 
the EE since potential receptors are not expected 
to be exposed to COPCs. 

The three areas at Site 8J are separately evaluated 
below. 

N6.1.3.1 85 Area I 

The onsite area at 8J Area I is commercial, and 
includes an unpaved parking area with limited 
disturbed ruderal vegetation. Surrounding offsite 
areas include non-native grasslands and pine oak 
woodland. The likelihood that special-status 
taxa inhabit this area is low due to previous and 
ongoing disturbance at the site. No COPCs were 
identified in soil; therefore this site was no 
longer considered in the EE. 

N6.1.3.2 8J Area I1 

The onsite area at 8J Area I1 is commercial, 
mostly unpaved, and includes a maintenance 
area with concrete slab; some disturbed ruderal 
vegetation is also present. Surrounding offsite 
areas include non-native grassland and pine-oak 
woodland. The likelihood that special-status 
taxa inhabit this area is low due to previous and 
ongoing disturbance of this site. The COPCs 
identified for this site are ethylbenzene and 
toluene in surface soil and toluene in subsurface 
soil (I to 3 figs). These organics were detected 
at concentrations far below 1 mg/kg (Tables N3a 
and N3b) for all COPCs, with the exception of 
1 detect out of 8 analyses of ethylbenzene at 1.8 
mgkg at less than 1 foot. Based on these low 
concentrations, infrequent detects, and the lack 
of habitat due to continued use of the site, this 
site was no longer considered in the EE. 

N6.1.3.3 &I Area Ill 

The onsite area consists of a manmade 
intermittent stream and reservoir with emergent 
vegetation. The area has been used for cattle 
grazing for some time. Surrounding offsite areas 
include non-native grassland and pine-oak 
woodland. The intermittent stream and reservoir 
onsite may possibly provide suitable breeding 
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and foraging habitat ior the California tiger 
salamander and the foothill yellow-legged frog 
(Rana boylei; a California species of special 
concern], red-legged frog (Rano aumm dmytonji; 
a candidate for federal listing [Category I], and 
southwestern pond turtle (Clemmys marmomta 
pallido. The turtle is a federal candidate for 
listing (Category 2) and a California special-status 
species. The tri-colored blackbird (AgeIiaus 
tricolor), a federal candidate for listing 
(Catego~y 2) and a California special-status 
species, could also be attracted to emergent 
vegetation surrounding the reservoir. No COPCs 
were identified in sediment. Toluene was 
identified in subsurface soil at 2 fbgs at 
concentrations far below 1 mflg (0.04 mflg; 
Table N3h) in a nearby area. Based on toluene's 
low concentration in subsurface soil and no 
COPCs being identified in sediments, this site 
was no longer considered in the EE. 

N6.1.4 Building 290 

The onsite area at Building 290 comprises a 
commercial building, paved parking area, and 
disturbed ruderal vegetation combined with 
managed landscaping. The site is separated from 
blue oak woodlands by developed lands and an 
&foot high chain-lmkmarbed wire fence. The 
likelihood that any special-status plant or animal 
taxon occurs on or immediately surrounding 
Budding 290 is low because the site is developed, 
actively used, and surrounded by developed 
lands. Field surveys indicate a lack of available 
or suitable habitat in the immediate area. The 
COPCs identified in soil (toluene, vinyl chloride, 
and benzo(ghi)perylene) at the site were detected 
in subsurface soil (1-3 fbgs) only, at 
concentrations less'than.1 mg/kg. Toluene 
concentrations ranged from 0.0016 to 0.13 m&g 
in subsurface soil (Table N4b). Vinyl chloride 
was detected at concentrations ranging from 
0.0032 to 0.01 and benzo[ghi)perylene was 
detected at 0.08 mgkg in subsurface soil 
(Table N4b). This site was not further evaluated 
in the EE due to the lack of suitable habitat for 
potential receptors, the lack of COPCs in surficial 
soils, and the very low concentrations of COPCs 
in subsurface soils. 

N6.1.5 AMMO 

The onsite area at AMMO is abandoned and the 
unpaved are* comprises a trench nearly 100 feet 
long and 30 feet wide. There are no buildings 

present. Onsite habitats include disturbed 
ruderal vegetation and seasonal intermittent 
wellands. Surrounding offsite areas include 
luderal vegetation, non-native grasslands, and 
blue oaks; ruderal seasonal intermittent wetlands 
occur in depressions during heavy rainy seasons. 
The ruderal seasonal wetlands on- and offsite 
provide potentially suitable habitat for two 
special-status animals, the California tiger 
salamander (Ambystoma californiense), a federal 
candidate for listing (Category 2) and a California 
species of special concern, and the California 
linderiella (Linderjella occidenfalis); this fairy 
shrimp is an invertebrate species federally 
proposed for listing as endangered. Pacific tree 
frogs were observed in a ponded area by HLA 
personnel during a site visit. The COPCs 
identified at AMMO are dioxin congeners. These 
congeners have a high potential to bioaccumulate 
into organisms observed or expected at the site; 
therefore, a more detailed evaluation of this site 
was performed, as presented in Section N6.2, 
Exposure Assessment. Two additional special 
status amphibian expected species, the foothill 
yellow-legged frog and the red-legged frog, are 
also evaluated in Section 6.2 because of the 
observance of the Pacific tree frog onsite. 

The onsite area at EW 52/57 is enclosed by a 
chain-1-arbed-wire fence area and consists of 
commercial buildings, unpaved parking areas, a 
concrete driveway, and ruderal vegetation. The 
surrounding offsite area is primarily non-native 
grassland. Na special-status plant or animal taxa 
were observed onsite during the field survey. In 
addition, no special status taxa were observed or 
identified as likely to occur onsite because the 
site is developed, actively used, and completely 
surrounded by developed lands. An ephemeral 
drainage from the building complex conveys 
water to a small seasonal wetland 400 feet west 
of the site. This wetland may possibly provide 
suitable habitat for the California tiger 
salamander; however no COPCs were identified 
in soil at the site; therefore, this site was no 
longer considered in the EE. 

N6.1.7 Old PX 

The onsite area at Old PX is almost completely 
paved, and comprises a commercial building and 
parking lot. The site is developed, actively used, 
and completely surrounded by developed lands. 
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A blue oak woodland is 200 feet north of the site. 
It is unlikely that any special-status plant or 
animal taxa occur onsite due to the lack of 
available or suitable habitat in the immediate 
vicinity of the site, and no COPCs were identified 
in soil at the site; therefore OPX was no longer 
considered in the EE. 

N6.1.8 Summary 

On the basis of the above analyses, two sites 
were retained for further evaluation in the 
exposure assessment section of this evaluation, 
EBP and AMMO. Sites ABP, 8J (Areas I, 11, and 
III), Building 290, Old PX, and EXP 52/57 were 
eliminated from further consideration in this EE 
for one or more of the following reasons: 

the highly developed andlor disturbed nature 
of the habitats observed or likely to occur at 
these sites; 

special-status taxa were not observed or 
expected; 

COPCs were not identified at the site: 

COPCs were not expected to come into 
contact with the special-status species at 
levels considered to be toxic or an imminent 
threat to the environment; andlor 

COPCs were detected at low concentrations 
andlor at depth. 

The following objectives were identified for 
further evaluation of EBP and AMMO in the 
exposure assessment, Section N6.2: 

EBP: Assess the potential for purple 
needlegrass to be adversely affected by 
possible exposure to COPCs in the soil. 

AMMO: Assess the potential for COPCs in 
the soil to impact the mderal seasonal 
intermittent wetland and adversely affect the 
California tiger salamander, tree frog, foothill 
yellow-legged frog, rea-legged frog and fairy 
shrimp. 

N6.2 Exposure Assessment 

In this section, potentially complete exposure 
pathways are identifled based on further 
evaluation of the receptors and COPCs identified 

m Problem Formulahon. Section N6.1. The two 
sites, EBP and AMMO, are evaluated separately 
below. 

N6.2.1 EBP 

The presence of purple needlegass at EBP, a 
special status species, was further evaluated. 
Needlegrasses am plants of plains, prairies, and 
other dry, well-drained areas. Their long, hard, 
sharp-pointed seeds are an important food source 
for songbirds and rodents (Martin st a!., 1951). 
These plants may possibly be exposed to COPCs 
in soil through direct root uptake, direct foliar 
(stomatal) uptake of organics such as toluene, 
andlor deposition and subsequent root uptake of 
chemicals from contaminated dust particles. The 
COPC at EBP, toluene, would not be expected to 
be sorbed to soil particles or taken up through 
the roots to a significant extent especially at the 
less than 1 mglkg reported concentrations (EPA, 
1986J). Deposition of contaminated dusts hence 
is not a likely exposure pathway. Direct foliar 
uptake would likely be the only plausible routes 
of exposure to this chemical (Baccj st al., 1990; 
EPA, 1986f), however, at the low concentrations 
reported for toluene and its tendency to 
volatilize, this is not expected to be a sigmficant 
route either. At the very low and infrequent 
reported concentrations (Section N6.1.1) it is 
highly unlikely that enough toluene could be 
taken up in the root system andor via direct 
foliar uptake, to have an adverse effect on purple 
neediegrass. There are no sigdicant complete 
pathways of exposure at EBP; therefore EBP is 
not addressed further in the EE. 

N6.2.2 AMMO 

Four special status species may potentially 
inhabit the ruderal seasonal wetlands (ponded 
area) at the AMMO: the tiger salamander, fairy 
shrimp, tree frog, foothill yellow-legged frog and 
red-legged frog. A brief summaIy of the life 
history of each of these species is presented 
below based on information obtained from the 
California Department of Fish and Game (DFG. 
1988) to evaluate the likelihood of possible 
exposures to HpCDD and OCDD, the only COPCs 
identified at AMMO. based on sampling results 
from locations downwind of the old burn pit at 
AMMO. Soil samples in the ponded area were 
not analyzed for dioxins. For the purposes of 
this analysis, the dioxin COPCs detected in the 
location downwind of the ponded area (Table 
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N15a) were assumed to occur at similar 
concentrations in the surface soil of the ponded 
area, and potential data gaps with site 
characterization data were reviewed. 

The California tiger salamander is most 
commonly found in annual grass habitat, but also 
occurs in the understoly of valley foothill 
hardwood habitats, and uncommonly along 
stream courses. During most of the year, adults 
exist in subterranean refugia, especially ground 
squirrel burrows and occasionally manmade 
stmctures. They breed and lay eggs primarily in 
vernal pools and other temporary ponds. Eggs, 
which are deposited on submerged vegetation or 
debris, could also be exposed via direct contact 
with chemical-contaminated sediments. 
Postmetamorphic juveniles and adults eat 
earthworms, snails, insects, fish, and small 
mammals, while the aquatic larvae feed on 
littoral, benthic, and planktonic arthropods. 
Small larvae (i.e., less than 2 cm) feed almost 
entirely on zooplankton: the larger ones consume 
zooplankton, amphipods, mollusks, and insect 
larvae as well. The adult and aquatic larvae 
could be directly exposed to dioxins in the 
surface soil via direct dermal contact, ingestion, 
and inhalation of contaminated dust while 
foraging and while living in their subterranean 
refugia. They could also be exposed by ingesting 
organisms that have been ingested or which had 
come into contact with dioxins in the soil (e.g., 
ea~thwolms, snails, insects, etc). 

The Foothill yellow-legged frog and red-legged 
frog are similar in range and life history; however 
the yellow-legged frog is more terrestrial, and the 
red-legged frog is highly aquatic. The yellow- 
legged frog adults often bask on exposed rock 
surfaces and dive into water when disturbed, 
taking refuge under rocks or sediments. They are 
found in or near rocky streams in a variety of 
habitats. Red-legged frogs prefer shorelines with 
extensive vegetation, but often remain in water 3 
feet deep or more, at the bottom of pools. Adult 
yellow-legged frogs eat both aquatic and 
terrestrial insects, while tadpoles graze on algae 
and diatoms along rocky stream bottoms. Adult 
red-legged frogs also take aquatic and terrestrial 
insects, as well as worms, .fish, tadpoles and 
smaller frogs. Tadpoles are mostly herbivorous. 
Because yellow-legged and red legged frogs 
require streams and pelmanent bodies of water, 
respectively, it is not likely that they will be 
present in the ponded areas at AMMO. For this 

reason, neither of these amphibians was 
evaluated further. 

The fairy shrimp is an invertebrate that inhabits 
seasonal pools. They feed on algae, bacteria. 
protozoa, rotifers, and bits of detritus. The eggs, 
which are carried by the female, are either 
dropped to the bottom or remain attached until 
the female dies and sinks (EPA, 1992h). Once on 
the bottom, the eggs could potentially take up 
chemicals in the sediments through direct 
contact or ingestion by the adults or larvae. In 
addition, although not specifically stated, the 
shrimp may possibly be ingested by any of the 
three species listed above. 

The dioxins identified in surface soil at the 
downwind location could be present in the 
observed ponding area. HpCDD and OCDD are 
highly chlorinated dioxins and are much less . 

toxic than lower chlorinated congeners, such as 
TCDD, which have not been detected at AMMO 
(EPA. 1989a). Dioxins bind tightly to soil and 
are not very bioavailable after being incidentally 
ingested or inhaled. It is unlikely that the dioxin 
COPCs will be taken up by the species listed 
above at levels expected to be toxic (EPA 1992j) 
based on the reported concentrations in Table 
N5a: however, dioxins do bioconcentrate, and 
further evaluation of dioxins at AMMO may be 
necessary upon further data collection and 
analysis of surface soil in the areas susceptible to 
ponding, before eliminating any potential 
complete exposure pathways at AMMO. 

N6.3 Summary 

In summary, on t& basis of the habitat and 
species surveys conducted at the sites, special 
status species were recommended for evaluation. 
Based on the exposure assessment, exposures of 
the ecological receptors to COPCs are expected to 
be negligible for all seven sites, except AMMO, 
where sufficient data are not available to perform 
a complete analysis of likely or important 
exposure pathways related to ecological 
receptors, that may occur at the site. Because 
ecological receptors do not appear to be 
threatened by the COPCs identified in this RA for 
six of the sites, and additional surface soil data 
are required at AMMO, effects assessment and 
hazard evaluation sections were not performed in 
this EE. 
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N7.0 UNCERTAINTY ANALYSIS 

Uncertainty is inherent in many aspects of the 
risk assessment process. In addition to the use of 
several conservative assumptions and 
approximations, the identification and analysis of 
environmental conditions is difficult and inexact. 
Table N20 summarizes uncertainties identified 
for this RA in a semiquantitative manner using 
the format recommended by FPA (1989b). The 
potential magnitude of possible over- or 

underestimation of risks was estimated for each 
assumption listed in Table N20 based on the 
professional judgement of the risk assessor. The 
uncertainties associated with the methods and 
results presented in Appendix M, Preliminary 
Remediation Goals, are also shown in Table N20. 
Table N20 reflects a general bias in the 
assumptions toward overestimating possible 
risks. 

K31741-H 
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N8.0 SUMMARY AND CONCLUSIONS 

The public health and environmental evaluation 
performed for each of the seven sites at FHL are 
summarized below. 

N8.1 EBP 

The RA for EBP was based on the site 
characterization investigations performed to date. 
Data from the previous and 199314 investigations 
at the EBP were used with the following 
exceptions: 

Data for drum, stockpile, and other 
nonstandard samples, which were not 
considered representative of site conditions 

Inorganic data for unfiltered groundwater 
samples, which were not considered 
representative of groundwater conditions. 

Site-related COPCs were identified. The 
following media were considered: surface soil, 
subsurface soil, and groundwater. The COPCs 
selected for the EBP human evaluation are 
benzene, cadmium, and molybdenum in 
groundwater and benzo(a)pyrene in subsurface 
soil (> 8 feet bgs). The environmental COPC, 
toluene, selected at the EBP was in surface and 
subsurface soil (1-3 fbgs). The COPCs were 
evaluated to identify possible current or future 
complete exposure pathways and subsequent 
risks, if any, to humans and environmental biota, 
as summarized below. 

N8.1.1 Human Health Evaluation 

No complete soil exposure pathways were 
identified. Exposure to benzo(a)pyrene detected 
in soil is not expected because receptors are not 
expected to contact soil greater than 8 feet deep, 
where this chemical was detected. Some 
chemical concentrations in groundwater exceed 
MCLs. Exposure to COPCs in groundwater is not 
expected under current site conditions because 
no drinking water wells exist on or near the site. 
Although exposure to COPCs in groundwater is 
unlikely, a future residential use scenario was 
evaluated to address clean closure issues. This 
evaluation used a hypothetical receptor assumed 

to be exposed to COPCs in groundwater through 
ingestion of drinking water and inhalation of 
vapors during domestic use. Possible health 
risks for the receptor were evaluated in risk 
characterization. Based on human risk 
characterization of hypothetical future exposure 
scenarios, cancer risks of 6 x lo6 and 2 x 10.' 
were estimated for average and RME scenarios, 
respectively, assuming exposure to benzene 
during domestic use of groundwater. These risks 
are within the target risk criteria considered 
acceptable by the EPA. Evaluation of potential 
noncancer health effects indicates that such 
effects may occur from ingestion of groundwater, 
containing cadmium and molybdenum in a - 

future RME scenario (HI of 2). However, metals 
concentrations in groundwater at EBP may be 
related to background conditions. 

N8.1.2 Environmental Evaluation 

The EBP is an abandoned, highly disturbed, and 
fenced ruderal area. One special-species status 
plant was observed in the area: pllrple 
needlegrass. In the environmental evaluation, 
the potential for purple needlegrass to be 
adversely affected by possible exposure to COPCs 
in site soil was assessed. No significant complete 
exposure pathways were identified because 
concentrations of COPCs are very low and uptake 
into purple needlegrass is expected to be 
negligible. The environmental evaluation 
indicated that expo-sure to chemicals in the EBP 
or adverse effects to the environment are not 
expected. 

N8.2 ABP 

The RA for ABP was based on the site 
characterizations performed to date. Data from 
the previous and 199314 investigations at the 
ABP were used except for inorganic data for 
unfiltered groundwater samples. To identlfy 
site-related COPCs, the following media were 
considered: surface soil, subsurface sod, and 
groundwater. No human or ecological COPCs 
were identified at the ABP. 

K31741-H 
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Summary and Condusions 

N8.2.1 Health Evaluation 

No COPCs were identified at the ABP and no 
complete exposure pathways were identified 
under current or anticipated future site 
conditions. Accordingly, adverse health effects 
associated with site-related chemicals are not 
expected. 

N83.2 Environmental Evaluation 

The ABP is an abandoned and highly disturbed 
ruderal area. No special-status animal or plant 
taxa were observed or expected on the site; 
however, dens that may be used by the San 
Joaquin kit fox or American badger were 
observed nearby. No COPCs were identified at 
the ABP and no complete pathways of exposure 
are expected: therefore adverse effects to the 
environment are not expected. 

The RA for 8J was based on site characterizations 
performed to date. Data from the previous and 
199314 investigations at the Site 81 were used 
except for inorganic data for unfiltered 
groundwater samples. Site-related COPCs were 
identified separately for Areas I, 11, and IU of 8J. 
The following media were considered, as 
applicable: surface soil, subsurface soil, 
groundwater, and sediment. At Area I, no 
human or environmental COPCs were identified. 
At Area 11, the only human COPC identified was 
benzene in groundwater. Environmental COPCs 
identified at Area I1 are: ethylbenzene and 
toluene in surface soil and toluene in subsurface 
soil. At Area 111, no human COPCs were 
selected. The only environmental COPC selected 
at Area 111 is toluene in subsurface soil. The 
COPCs were evaluated to identify possible 
current or future complete exposure pathways 
and subsequent risks, ifany, to humans and 
environmental biota, as summarized below. 

N8.3.1 Human Health Evaluation 

At 81 Area 11, exposure to human COPCs in 
groundwater is not expected due to poor water 
quality conditions (nitrite and sulfate 
concentrations in excess of MCLs; Section 4.4). 
No complete exposure pathways were identified 
under current or future site conditions at 81. 
Accordingly, aaverse-health effects associated 
with site-related chemicals are not expected. 

N8.3.2 Environmental Evaluation 

Two portions of Site 8J, Areas I and 11, are not 
expected to be of ecological concern because they 
are developed, highly disturbed areas, and no 
special-status taxa have been observed or are 
expected in these areas. Area 111 of Site 8J is an 
intermittent stream and manmade reservoir with 
emergent vegetation. Five special-status species 
may be present in the stream and reservoir: the 
California tiger salamander, Foothill yellow- 
legged frog, red-legged frog, southwestern pond 
turtle, and the tri-colored blackbird. At Area 111, 
no environmental COPCs were detected in 
surface soil, anii only toluene was identified as a 
COPC in subsurface soil. Exposure of potential 
receptors to toluene is not expected to occur 
because it was detected at low levels at depth, 
and is not expected to be persistent in soil or to 
bioconcentrate into biota. Therefore, no 
complete exposure pathways were identified at 8J 
Area 111. Accordingly, adverse environmental 
effects are not expected. 

N8.4 Building 290 

The RA for Building 290 was based on site 
characterizations performed to date. Data from 
the previous and 199314 investigations at 
Building 290 were used with the following 
exceptions: 

Data for drum, stockpile, and other 
nonstandard samples, which were not 
considered representative of site conditions 

Inorganic data for unfiltered groundwater 
samples, which-were not considered 
representative of poundwater conditions. 

To identify site-related COPCs the followmg 
media were considered: surface soil, subsurface 
soil and groundwater. No human COPCs were 
identified at Building 290. Environmental 
COPCs identified at the site are toluene, 
benzo(ghi)perylene, and vinyl chloride in 
subsurface soil (1-3 figs). The COPCs were 
evaluated to identify possible c w e n t  or future 
complete exposure pathways and subsequent 
risks, if any, to environmental biota, as 
summarized below. 
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Summary and Conclusions 

N8.4.1 Human Health Evaluation 

No human COPCs were identified at Building 290 
and no complete human exposure pathways were 
identified under current or future site conditions. 
Accordingly, adverse human health effects 
associated with site-related chemicals are not 
expected. 

N8.4.2 Environmental Evaluation 

Building 290 is a highly developed and disturbed 
site that is almost completely covered by 
buildings and pavement, with small areas of 
ivderal vegetation and managed landscaping. No 
special-status animal or plant taxa have been 
observed or are expected. at the site. Because the 
site is developed, actively used, and surrounded 
by developed lands, detected conc,entrations of 
COPCs in subsurface soil are not an ecological 
concern. 

N8.5 AMMO 

The RA was based on the site characterization 
investigations performed to date. To identify 
site-related COPCs the following media were 
considered: surface soil, subsurface soil and 
groundwater. No COPCs for the evaluation of 
human health were identified at the site. 
Environmental COPCs selected at the site are: 
1,2.3,4,6,7,8-HpCDD, total HpCDD and OCDD in 
surface soil. The COPCs were evaluated to 
identify possible current or future complete 
exposure pathways and subsequent risks, if any, 
to environmental biota, as summarized below. 

N8.5.1 Human Health Evaluation 

No human COPCs were identified at AMMO, and 
no complete exposure pathways were identified 
under current or future site conditions. 
Accordingly, human health effects associated 
with site-related chemicals are not expected. 

N8.5.2 Environmental Evaluation 

Onsite habitats at AMMO-include disturbed 
ruderal vegetation and seasonal intermittent 
wetlands. Two special-status species may be 
present that utilize seasonal wetlands as habitat 
such as that present at the site: the California 
tiger salamander, and the fairy shrimp. The 
COPCs detected in soils at AMMO are HpCDD 
and OCDD; thkse highly-chlorinated dioxin 

congeners are among the less toxic dioxin 
congeners and are expected to bind tightly to soil 
and sediment particles. The environmental 
evaluation indicated that exposure of 
environmental biota to COPCs might occur if 
COPCs are present in the areas where ponding 
occurs; further evaluation will be necessary to 
evaluate such exposures based on additional site 
characterization of the soil and sediments. More 
complete characterization of possible exposures 
and effects to these species is deferred pending 
acquisition of additional surface soil andlor 
sediment data. 

The RA for EXP 52/57 was based on the site 
characterization investigations performed to date. 
The data from previous and 199314 investigations 
at Budding EXP 52/57 were used with the 
exception of inorganic data for unfiltered 
groundwater samples, which were not considered 
representative of groundwater conditions. 

Site-related COPCs were identified. The 
following media were considered: surface soil, 
subsurface soil, and groundwater. Human 
COPCs selected for the site are benzene and 
tetrachloroethene in groundwater. No 
environmental COPCs were selected at 
Building EXP 52/57. The COPCs were evaluated 
to identify possible current or future complete 
exposure pathways and subsequent risks, if any, 
to humans, as summarized below. 

N8.6.1 Human Health Evaluation 

No complete exposure pathways were identified 
considering current site conditions. Exposure to 
COPCs in groundwater is not expected under 
current site conditions because no drinking water 
wells exist on or near the site. Some chemical 
concentrations in groundwater exceed MCLs. 
Although exposure to COPCs in groundwater is 
unlikely, a future residential use scenario was 
evaluated to address clean closure issues. This 
evaluation used a hypothetical receptor assumed 
to be exposed to COPCs in groundwater through 
ingestion of drinking water and inhalation of 
vapors during domestic water use. Possible 
health risks for the receptor were evaluated in 
risk characterization. Based on human risk 
characterization of hypothetical future exposwe 
scenarios, cancer risks of 5 x 10.' and 2 x lo4 
were estimated for average and RME scenarios. 
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respectively, assuming simultaneous exposures to 
benzene and tetrachloroethene. These results are 
within the range or slightly above the range for 
the average scenario and RME scenario, 
respectively, of the target risk criteria considered 
acceptable by the EPA. Evaluation of potential 
noncancer health effects indicates that such 
effects would not be expected to occur. 

N8.6.2 Environmental Evaluation 

Building EXP 52/57 is a highly developed and 
disturbed site with some rural vegetation and is 
enclosed by a chain linkbarbed wire fence. 
Stormwater runoff from the site drains to a small 
seasonal intermittent wetland approximately 
400 feet west of the site. Building EXP 52/57 
does not provide suitable habitat for any special- 
status plant or animal taxa; however the 
California tiger salamander may be present in the 
nearby seasonal wetland. No COPCs were 
identified at Building FXP 52/57 and no complete 
pathways of exposure were identified. 
Accordingly no adverse effects on the 
environment are expected. 

N8.7 Old Px 

The RA for Old PX was based on the site 
characterizations performed to date. The data 
from previous and 1994 investigations at the OPX 
were used w ~ t h  the following exceptions: 

Data for stockpile samples that were not 
considered representative of site conditions 

Inorganic data for unfiltered groundwater 
samples that were not considered 
representative of groundwater conditions. 

The RA was based on the site characterization 
investigations performed to date. To identify 
site-related COPCs, the following media were 
considered: surface soil, subsurface soil and 
groundwater. No COPCs for the evaluation of 
human health were identified at the site. In 
addition, no COPCs for the environmental 
evaluation were identified at the site. 

N8.7.1 Human Health Evaluation 

No complete exposure pathways were identified 
considering current site conditions. Exposure to 
COPCs in groundwater is not expected under 
current site conditions because there are no 
drinking water wells in the site vicinity. 
Chemical concentrations in groundwater did not 
exceed MCLs; therefore COPCs in groundwater 
were not identified and a future residential use 
scenario was not evaluated. 

No human COPCs were identified at Old PX, and 
no complete exposure pathways were identified 
under current or future site conditions. 
Accordingly, human health effects associated 
with site-related chemicals are not expected. 

N8.7.2 Environmental Evaluation 

The Old PX area is paved and contains a 
commercial building and a parking lot in active 
use. No special-status animal or plant taxa have 
been observed or are expected at the site. 
Exposure of environmental biota to chemicals in 
the soil is therefore not expected to be of 
ecological concern. 

These summary and~conclusions were restated in 
Section 4.0 of the main text on a site-specific 
basis. 

K31741-H 
March 24. 1995 
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Table Nlb. S t a t i s t l c s l  Data SUmr?ry,of Chemicsl Analyses for  S h u r f s c e  Soi ls  (1-3 fbgs) 
Es ls t lng F i re  D r i l l  Burn P i t  

Fort Hulter Liggett, Cal r forn ls  

- . - . .- - . - 
Depth Depth ~ e v i a t i o n  c&fi&me 

Frequrncy M in im  Location of  M a x i m  L w s t i m  of  o f  the L imi t  o f  the 
Nlrr trr  of o f  Detected of  M i n i m  Min Detected of Mali~!~.ml Man Arithmetic Arithmetic Arithmetic 

Un i t s  Oetectsllnalyses Oetect Value Detection ( f t )  Value Detection ( f t )  Mean Mean Mean P a r a t e r  

TPH - 
TPW-unkmn Extractable 4 1 k 9  6 1 8  50.0% 17.00 EBP-TR-0158 
TPH-Fog o i l  m l k g  4 1 12 33.3% 56.00 EBP-SB-001 

- 
Ant inmy r) lkg 42.m 0.33 EBP-SB-017 
Arsenic nglk9 '9::3 69.2% 0.50 EBP-SB-002 
Bariun m l k g  100.0% 63.00 El-EBP-SB-001 
Beryl l ium nglkg I:: 30.a  0.24 EBP-SB-017 
C s d n i u  m l k 9  9 I 13 69.2% 1.50 El-EBP-SB-001 
Chrmiun nglkg 13 1 13 100.0% 19.00 EBP-SB-OD2 
Cobalt m l k g  3 1 3  100.0% 3.70 EBP-SB-017 

m l k g  13 1 13 lW.O% 7.00 EBP-SB-002 ZT" n l l k 9  5 I 13 38.5% 1.00 EBP-SB-003 
Mercury nrglk9 9 1 13 69.2% 0.02 EBP-SB-002 

Qlkg 3 1 3 100.0% 1.60 EBP-58-017 ~~~ 4 / k g  12 1 13 92.3% 11.00 EBP-SB-002 
S i l ve r  nglk9 6 1 13 46.2% 0.30 EBP-SB-002 
VaMdim m l k 9  3 1 3  100.0% 42.70 EBP-SB-017 
Zinc m l k g  13 1 13 100.0% 23.00 EBP-SB-002 

Page 1 



Table Wlc. S t a t i s t i c a l  Data Sunnary of Chemical Analyses.for StAxurfsce s o i l s  (3-8 fbgs) 
Ex is t ing Fire D r i l l  Burn P l t  

Fort Hunter Llggett. Cal l fornla 

Standard 95% Upper 
Depth oev iat ion Conf idence 

Freqwncy M i n i m  Location Oepth of naxi- ~ o c a t i o n  of  o f  the Limit  of the 
W h r  of of Detected of Mininun Min Detected of Maxi- Max A r i t h m t i c  Ar~ thmet i c  Arithmetic 

Uni ts  DetectslAnalyses Detect Value Detection ( f t )  Value Oetectlon ( f t )  Mean Mean Mean P a r m t e r  

Benzene 

- 
1 1 18 5.6% 0.05 EBP-TR-OO3A 3.5 0.05 EBP-TR-WY. 3.5 0.16 0.05 0.25 Di-n-butylphthalate mglkg 
1 1 16 6.3% 0.08 EBP-SB-013 5.5 0.08 EBP-SB-013 5.5 0.17 0.03 0.22 Oicthy l  tha late m l k g  
2 I 18 11.1% 0.05 EBP-SB-017 6.0 0.09 EBP-SB-019 5.5 0.16 0.04 0.24 ~is(2-ct$ lhexyl )phthelste  m l k g  1 1 16 6.3% 0.23 EBP-SB-010 5.5 0.23 EBP-SB-010 5.5 0.18 0.02 0.21 

2-Methylnaphthalene m l k g  
1 1 18 5.6% 0.27 EBP-SB-010 5.5 0.27 EBP-SB-010 5.5 0.17 0.06 0.28 pyrene m l k g  

METALS - 
7 I 15 46 .n  0.33 EQP-SB-017 3.5 0.67 EBP-SO-021 5.5 0.34 0.20 0.73 Antinmy mglkg 

m l k g  10 1 16 62.5% 2.40 EQP-SB-023 4.0 5.60 EBP-SB-021 5.5 3.04 1.74 6.45 Arsenic 
100.0% 34.40 EBP-SB-017 3.5 221.00 EBP-SB-OW 5.5 131.02 52.02 232.W Bar iun w l k g  16 I 16 
93.8% 0.15 EBP-SB-018 5.5 0.69 EBP-SB-OW 5.5 0.41 0.18 0.77 Beryl l i u n  m l k g  15 I 16 
87.5% 1.50 EBP-SB-018 3.5 6.80 EBP-SB-009 . 5.5 3.16 1.88 6.84 cadn im m l k g  14 1 16 

100.0% 12.30 EBP-SB-017 3.5 47.00 EBP-SB-021 5.5 33.08 10.13 52.94 Chranim w l k g  16 1 16 
100.OX 5.00 EBP-SB-017 3.5 18.80 EBP-SB-021 5.5 12.95 4.06 20.90 

EF mglkg 16' 1 16 
81.3% 0.83 EBP-SB-017 3.5 4.20 EBP-$8-OW 5.5 2.28 1.35 4.93 mglkg 13 1 16 

1 1 16 6.3% 0.07 EA-EBP-SB-001 8.0 0.07 EA-EBP-SB-001 8.0 0.03 0.01 0.05 Mercury m l k g  
66.7% 1.10 EBP-SB-018 5.5 3.20 EBP-SB-024 3.5 1.78 0.83 3.41 

:PE- mglkg 10 I 15 
62.5% 22.70 EBP-58-007 5.5 39.10 EBP-SB-OW 5.5 23.08 12.37 47.33 m l k g  10 1 16 

100.0% 22.70 EBP-SB-017 3.5 62.00 EBP-SB-019 5.5 45.52 12.44 69.91 vanadiun m l k g  15 1 15 23.00 EBP-SB-017 3.5 86.40 EBP-SB-OW 5.5 58.68 18.53 94.99 
Zinc mglkg 16 1 16 ' 100.0% 
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Table Wld. S t a t i s t i c a l  Data S u T r y  of  Chemical Analyses for  S h u r f a c e  Soi ls  (,8 fbgs) 
Extst lng F i re  D r i l l  Burn P l t  

Fort Hmter Liggett, Cal i forn ia  

standard 95% Upper 
Depth Depth Deviation Confidence 

Mini- Locar im of  M a x i m  Location of of the L i m ~ t  of the 
Y u h r  of Frequmcy of Detected of Mln ipm Min Detected Value of Detection Maxi- ( f t)  Max Arithmetic Ar i thnet ic  Arithmetic 

Un i t s  OetectslAnalyses Detect V a l w  Oetectlon ( f t )  Mean Mean Mean 
Parmeter 

nglks 5 I 31 16.1% 3.0OE-03 EBP-SB-022 20.0 0.03 EBP-SB-OW 20.0 5.70E-03 7.60E-03 0.02 

m l k 9  4 1 3 1  12.9% 3.40E-03 EW-SE-015 20.0 0.03 E8P-M-005 20.0 6.30E-03 7.80E-03 0.02 
W k g  2 I 30 6.7% 8.OOE-03 EBP-M-006 21.0 0.02 EBP-SB.009 20.0 4.9OE-03 6.00E-03 0.02 

- 
2 I 35 5 . n  0.53 EW-SB-013 20.0 0.57 EBP-SB-021 20.0 0.31 0.32 0.94 

~enzo(s )  renc ngIk9 
1 1 33 3.0% 0.15 EBP-SB-013 20.0 0.15 EBP-SB-013 20.0 0.31 0.32 0.94 

D i e l h  l z t h a l a t e  ~ l k g  
1 1 35 2.9% 0.07 EBP-SB-013 20.0 0.07 EBP-SB-013 20.0 0.29 0.32 0.92 

oimet&l phthalste m f k g  
5 I 35 14.3% 0.05 EBP-SO-012 20.5 0.18 EBP-SB-019 15.0 0.29 0.32 0.91 

Bis(2-ethylhexyl)phthelslc 
m'kg 1 I 35 2.9% 0.29 EBP-SB-036 10.0 0.29 EBP-SB-036 10.0 0.27 0.27 0.81 

Fluorene lnglkg 
1 1 35 2.9% 0.08 EBP-SB-011 10.0 0.08 EBP-SB-011 10.0 1.41 1.52 4.40 

a l l k g  
2 1 35 5.7% 0.15 EBP-SB-011 15.5 0.82 EBP-SB-036 10.0 0.29 0.29 0.85 m1k9 

METALS - 
w l k g  14 I 27 51.9% 0.43 EBP-50-008 15.4 4.50 EBP-SB-015 20.0 0.711 0.92 2.58 Antinmy 

83.W 1.60 EBP-W-007 15.5 51.10 EBP-SB-015 20.0 10.07 11.81 33.22 
Arsenic m l k g  26 1 31 96.6% 14.60 EBP-SB-015 15.0 305.00 EBP-SB-022 20.0 83.98 58.00 197.82 
Ber iun w l k g  28 1 29 

17 I 31 54.8% 0.17 EBP-SB-020 24.0 0.73 EBP-SB-008 15.4 0.33 0.17 0.67 
nery! l iun nglkg lM).OX 2.10 EI-EBP-58-003 10.0 19V.00 EBP-SB-015 20.0 32.95 42.13 115.53 
cedn~un m l k g  31 1 31 100.0% 10.60 EBP-SB-015 15.0 89.30 EBP-SB-035 14.0 44.71 22.07 87.96 
Chrmiun m / k g  31 1 31 100.0% 5.60 EA-EBP-SB-003 10.0 71.60 ESP-SB-015 20.0 25.24 16.70 57.96 

:2?r mglkg 31 1 31 
71 .0% 1.70 EBP-SB-020 16.0 10.60 EBP-SB-021 20.0 2.59 1.89 6.29 

nglkg 22 1 31 
7 1 31 22.6% 5.00E-03 EBP-M-OM 20.5 0.08 EA-EBP-SB-001 20.0 0.03 0.01 0.06 

Mercury m l k g  48.0% 1.20 EBP-SB-020 10.0 106.00 EBP-SO-009 20.0 17.97 33.92 84.44 

WP- mslkg 12 1 25 
100.0% 12.00 EA-EBP-SB-001 14.0 186.00 EBP-S8-015 20.0 65.30 44.38 152.27 

m l k g  31 1 31 
51.6% 0.50 EBP-M-004 15.5 35.20 EBP-SB-015 20.0 

5.02 7.59 19.90 
Seleniun m/kg  16 I 31 9.7% 0.62 EBP-SB-022 15.2 1.70 EBP-W-004 15.5 0.46 0.31 1.07 
s i l v e r  %'/kg 3 I 31 9.7% 0.66 EBP-SB-021 20.0 0.77 EEP-M-006 16.3 1.03 1 .58 4.14 
l h a l l i u n  m l k g  3 I 31 100.0% 21.80 EBP-SB-015 15.0 200.00 EBP-SB-015 20.0 67.78 47.96 181.78 
Vanadiun m l k g  25 1 25 100.0% 28.00 EI-EBP-SB-001 14.0 462.00 EBP-SB-015 20.0 131.40 101.63 330.61 
Zinc m l k g  31 1 31 
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Table N2c. S t a t i s t i c a l  Oats Sunnary of Chemical Anslyses,for Shsurface Soi ls  (3-8 fbgs) 
Abandmed Fiye O r l l l  Burn PI! 

Fort Hmter Llggett ,  Cal t forn ls  

- 
Stsndard 95% Upper 

Depth Deviation Cmf idence 
F r q e n c y  nininun L a s t i m  Oepth o f  ~ s x i n u n  ~ o c a t i o n  of  of the L im i t  of the 

Y h r  of of Detected of Mini- M i n  Oetected of Maxi- Max Arithmetic Arithmetic Arithmetic 
u n i t s  DetectslAnalyses Detect V a l w  Detection l f t )  Value oetectlon ( f t )  Mean Mean Mean 

Parameter 

METALS - 
A n t i m y  W l k g  4 1 15 26.71: 0.31 MP-SB-003 
Arsenic mglkg 5 1 17 29.4% 1.10 EA-ABP-W-001 
Bariun mglkg 17 1 17 100.0% 11.00 EA-ABP-W-001 
B e r y l l i u n  w l k g  15 1 17 80.2% 0.20 ABP-SB-009 
tedrnim m/kg  1 1 17 5.9% 2.20 ABP-SB-002 
Chraaiun w l k g  17 1 17 100.0% 3.00 EA-ABP-W-001 
Cobalt m l k g  13 I 15 86.7% 1.90 ABP-SB-007 

~ l k g  94.1% l6 l7 100.0% 
2.70 ABP-SB-004 

:2!? w l k g  17 1 17 1.40 EL-ABP-W-001 
Mercury w l k g  2 1 17 11.8% 0.02 EA-ABP-MU-Wl 

w I k g  8 1 15 53.3% 0.95 ABP-SB-003 E:? w l k g  52.9% 7.50 ABP-SB-006 
vanedim l7 100.0% m/kg  15 I 15 13.80 LOP-SB-007 
Z i n c  w l k g  17 1 17 100.0% 6.70 EA-ABP-W-001 
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Table Y2e. S ta t i s t i ca l  Data Sunnary ofchemical tnnlyses for Grwndwater 
Abandawd Fire Drill Burn P l t  

Fort Hurter Ltgqett. Calrfornm 

Standard 95% Upper 
Depth Depth Dev ia t im Confidence 

M i n i m  Locat im of M a x i m  Locatim of of the Limit of the 
~ u r b e r  of Oetwted of Mini- Min Detected of Maxipm Max Arithmetic Arithmetic Arithmetic 

Units OetectsIAnalyses Detect Value Detection ( f t )  Valw Detection ( f t l  Mean Mean Mean Parmeter 

TPH - 
T P H - U n k m  Extrsctable M I  1 1 3  33.3% 3000.00 EA-WP-(N-001 - -  5000.00 EA-AEP-IU-Wl - -  1166.67 1587.71 42m.58 
TPH- Totel Recoverable w/l 1 1 4  25.0% 3200.00 EA-AEP-MU-001 - -  3200.00 EA-ABP-MU-001 - -  117S.W 1350.00 3821 .OO 

METALS - 
Arsenic 
Bariun 
n d y M m n  
Vanadiun 
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Table N3c. S t s t i s t i c a l  Oats S-ry of Chemical Analyses for  Subsurface Sai ls (1-3 fbgs) 
S l te  8J - Area 1 1  

Fort Hwter  Liggett. Cal i fornia 

- 
Standard 95% Upper 

8 Depth Depth Deviation confidence 
Frequency M i n i m  Location of M a x i m  Locat im of of the Limit  of the 

Yurber o f  of Oetected of M l n l n n  M i n  Oetected of  Maximu Max Arithmetic Arithmetic Arithmetic 
Parameter Units DetectsIAnslyses Detect Value Detection ( f t )  Value Detection ( f t )  Mean Mean Mean 

- 
llethylene ch lor ide m l k g  
Tolwne ~ l k g  

TPH - 
Nowpolar O i l  and Grease ~ l k g  
IPH-oiesel m l k g  
TPH-Unknom Extractable w l k g  
TPH-Total Recoverable m l k g  

METALS - 
Alunilxm 
A n t  inmy 
Arsenic 

Nickel. 
Selenium 
s i l v e r  
Vanadiun 
2inc 
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~ s b l e  Y M .  S t a t i s t i c a l  Oats sunnary of Chemical Anslyses f o r  Subsurface Soi ls  (3-8 fbgs) 
S i t e  8J - 8rea I 1  

Fort Hulter Llggett, Cal i forn ia  

Frequency 
Nlnber o f  o f  

Units OetectslAnelyses Detect 

- 
Acetone 
Chlorobenzene 
Toluene 

s m s  - 
Di-n-but  I tha la te  -/kg 1 1 16 6.3% 
~is(2-et~y$eryl )phthalate m l k g  1 1 16 6.3% 

1PH - 
IPH-IJnknoun Ext ractab le  w l k g  2 1 3  66.7% 

METALS 

B s r i u  
B e r y l t i m  
C & i m  
C h r m i u  
cobs1 t 
c-r 
ieH;r 
Manganese 
Mercury 
Nickel 
S e l e n i u  
s i l v e r  
Vanadi rn 
zinc 

Standard 95% Upper 
Depth Depth Deviat ion Confiderre 

Mini- L o c s t i m  of M a x i m  Location o f  o f  the L im i t  of the 
Detected o f  M i n i m  M i n  Detected of Maxi- Msx Arithmetic Ar t thnet ic  Arithmetic 

Value Oetec t im  ( f t )  Value Oetectlon ( f t )  Mean Mesn Mean - 
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Table Use. S t a t i s t i c a l  Data S-ry of Chenical Analyses for  Srksurfsce So i l s  (,8 fbgs) 
S i te  8J - Area II 

f o r t  Hunter Llggett .  Cal i forn ia  

Acetom 
4-Methyl-2-pentanone(MlBK) 
Toluene 
Xylenes 

TPM - 
Total O i l  6 Grease 
T P H - U n k m  Ext ractsb le  

METALS 

A l m i r x m  
An t i l lmy  
Arsenic 
Bar iun 
B e r y l l i m  
C a d n i u  
C h r a i u n  
Cobalt 
copper 
Lead 
Manganese 
Mercury ~~~ 
Selenjun 
Vanadr un 
Zinc 

Standard 95% Upper 
Dmth Death Deviat ion Confidence ~. - ~ -~ ~~ 

Mininun Locetion 05 .~ .  Maxi- Locatim df o f  the L im i t  of  the 
N!mber o f  Fregbn;ncy Detected of ~ l l n w p w   in Oetected o f  M a x i m  Man Ari thmetic Ar i thmetic Ar i thmetic 

Un i t s  OetectslAnalvses Detect Valve Oetectlon ( f t )  Value Detection ( f t )  Mean Mean Mean 

Pege 1 





Table U3g. s t a t i s t i c a l  Oats S m r y  of Chemical Analyses fo r  surface Soi ls  (0-1 fbgs) 
S l te  85 - Area 1 1 1  

Fort Hulter L igget t .  Cal i forn ia  

Standard 95% Upper 
Oepth Oepth Deviat ion Confidewe 

Freqwncy Winirnn Location of M a x i m  Location o f  of  the L im i t  o f  the 
M u h e r  o f  of  Detected of Mini- H in  Detected of Max inn  Max Ari thmetic Ar i thmetic Arithmetic 

~ a r m t e r  Uni ts  OetectslAnalyses Detect Value Oetectlon ( f t )  Value Detection ( f t )  Mean Mean Mean 

W S  
- 
AcetaR 

SOCS - 
Benzoic a c i d  
4-Methylphenot 

Antimony 
Arsenic 

C&r- 
Lead 
Mawarese 
Nickel 
Selenium 
Vanadium 
2 i w  
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Table N31. S t a t i s t i c a l  Data S-ry of Chemical Analyses fo r  Subsurface Soi ls  (3-8 fbgs) 
S i t e  85 - Area 1 1 1  

Fort Hmter Liggett, C a l ~ f o r n i a  

- 
Standard 95% Upper 

Depth Depth Deviat ion Conf i dewe 
Fr-y Mininun Location of Maxinun Loca t im of o f  the L imi t  o f  the 

Nw+r of of Detected of l l in i -  Min Detected o f  Maxinun Max A r i t k t i c  A r i t h m t i c  Ari thmetic 
P a r m t e r  Uni ts  DetectslAnalyses Detect Value Oetectlon ( f t l  Value Detection ( f t )  Mean Mean Mean - 
--. - 

Yethylene ch lor ide m l k 9  1 1 3  33.3% 6.10E-03 EA-S8J-SEOl 
r o l w n e  W k g  1 1 3  33.3% 0.05 EA-S8J-SEDl 

- 
Alunirun 
Arsenic 
Barium 
B e r y l l i r n  
Chrmiun 
Cobalt 

:r 
Manganese 
Nickel 
Vmadiun 
Zinc 



NNNNNNNNNNN ........... 
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Teble ~4.. S t a t i s t i c a l  Oats S m r y  of Chemical Analyses fo r  Surface Soi ls  (0-1 fbgs) 
Bui !ding 290 

Fort Hunter Llggett. Cal i forn ia  

Oepth Depth Deviat ion Confidence 
fr-y W i r t i n u n  L a a t i m  of Maxinun Location of of the L imi t  of the 

Y h r  of of Detected o f  Mini+ Win Detected of llaxi?un Max Arithmetic Ari thmetic Arithmetic 
Parameter Un i t s  OetectslAnslyses Detect. Value Oetectlon ( f t )  Value Oetectlon ( f t )  nean Mean Mean 

VOCS - 
4-Methyl-2-pentam(MIBK)'  rllb 

SOCS - 
Di-n-butylphthalate 1slk9 
Bis(2-ethylhe~y0phthalote m l k g  

METALS - 
A l u n i r m  
Arsenic 
Bar iun 
B e r y l l i u n  
Cedmim 
C h r a i m  
copper 
Lead 
Manganese 
Mercury 
Nickel 
S i l ve r  
Vanedim 
Zinc 
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l eb le  N4b. Ste t is t i ce l  Data S m r y  of Chemical Analyses for Subsurface Soi ls (1-3 fbgs) 
Building 290 

Fort Hulter Llggett, Cal i fornia 

Standard 95% Upper 
Depth Depth Oeviat im Confidence 

Mininun Location of Waxilnun Lacstion o f  o f  the Limi t  of the 
Wulwr of Frequency of Detected of ~ l n i n u n  " in  Detected of M a x i m  Mar Arithmetic Arithmetic Arithmetic 

Parameter, Units DetectslAnalyses Detect Value Detection ( f t )  Value Detection ( f t )  Mean Mean Wean 

T 0 l u m e  
Vinyl chloride 

sacs 

TPII 
- 
Won-Polar O i l  and Grease 
TPH-Unknom Extractable 
TPH-Motor O i l  
~ ~ ~ - 1 o t a l  Recoverable 

METALS 

A l m i n m  
A n t  i m y  
Arsenic 
B e r i m  
8e ry l l i un  
c h i m  
C h r n i u  
Cabel t 
Copper 
Lead 
Manganese 
Mercury 

EYtF" 
Seleniun 
Si lver  
Vanadiun 
Zinc 
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Table N4c. S ta t i s t i ca l  Data Sunnary of Chemical Analyses for Subsurface Soils (3-8 fbgs) 
Oui!ding 290 

Fort Hmter Llggett, Cetifornie 

Standard 95% Upper 
Oepth Depth Deviation Confidence 

Fr-y Mininun Laeatim of M a x i m  Location of of the Limit of the 
Wu&r of of Detected of M i n i m  Win Detected of Maainrn Max Arithmetic Arithmetic Arithmetic 

Units OetectslAnalyses Detect Value Oetectiw ( f t )  Value Detection ( f t )  Mean Mean Mean 

vocs 

Acetone 
Toluene 

- 
Oi-n-butylplthalate n l l k g  I I 14 7.1% 0.05 EA-290-W-004 6.0 0.M EA-290-W-004 6.0 0.14 0.05 0.24 
Oiethyl thalate m l k 9  1 I 14 7.1% 0.88 El-290-SB-005 4.0 '0.80 EA-2W-SB-005 4.0 0.22 0.19. 0.59 
Ois(2-et$lhexyl Iphthalate Wlk9  1 I 14 7.1% 0.05 EA-2W-SB-031 5.0 0.05 EA-290-SB-031 5.0 0.17 0.04 0.24 

METALS - 
A l m i n m  
Antimny 
Arsenic 
Oa r im  
Bery l l  im 
Cadmim 
Chrmiun 
Cabal t 
toppr 
Lead 
Manganese 
Mercury 

Selenium 
Si lver  
Vanadi um 
Z i n c  

w l k g  23 1 23 
w l k g  4 I 30 
w l k g  27 1 32 
nglkg 32 1 32 
n0lk9 11 1 3 2  
m l k o  23 1 32 
w l k g  32 I 32 
m l k g  15 1 27 
m l k g  32 1 32 
nglkg 25 I 32 
W k g  23 1 23 
r) lkg 6 I 32 
m l k g  6 1 4  
m l k g  31 1 32 
m l k g  2 1 32 
m l k g  2 I 32 
w l k g  27 1 27 
m l k g  32 1 32 



Table W4d. S t a t i s t i c a l  Data Sunnary of Chemical Analyses f o r  Subsurface Soi ls  0 8  fbgsl 
Eui!ding 290 

Fort  Hvlter Llggett, Cal i forn ia  

Standard 95% Upper 
Depth Depth Deviat ion Confiderue 

Fr-y Mininun Location of M a x i m  Location o f  o f  the L im i t  of the 
Wulrr of of Detected of M l n l n n  Min Detected of M a x i m  Max Lr i thmetic Ari thmetic Arithmetic 

Un i t s  OetectsIAnalyses Detect Vdue Detection ( f t l  value Detection ( f t )  Mean Mean Mean Parmeter 

- 
Acetme 
Methylene ch lor ide 
4-Methyl-2-pentenme(MlEK) 
Toluene 

SOCS - 
Oi-n-but I thalate 
~is(2-etty%exyl)phthalate 

TP W - 
TPN-rota1 Recoverable 

METALS 

Arsenic 
Barium 
Beryl  l im 
C ~ i W  
C h r m i m  
Cobalt 

fT 
Manganese 
Mercury 
n i cke l  
s e l e n i m  
vanedim 
Zinc 
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Table We. S t a t i s t i c a l  Data Sunmry.of Chemical Analyses fo r  Grwnduater 
Bui ldlng 2W 

Fort Hurter Liggett, Cal i forn ia  

Standard OC' "-- 7," "-I 

Depth Depth Deviation C?nfidence 
Mini- Location of Maxinun L a a t i o n  of  of the L i n l t  of the 

Y u b e r  of Frequency of Detected of Wlnimm Min Detected of Maxi~?n~ Max Arithmetic Arathmetic Arithmetic 
P w m e t e r  Units DetectslAnsiyses Detect Value Detection ( f t )  Value Oetectlon ( f t )  Mean Mean Mean 

VOCS 

SOCS - 
sis(2-cthylhexyl)phthalate Ugl 1 1 1 18 5.6% 

TPH - 
Won-Polar O i l  and Grease u g l l  1 I S  20.0% 

UETALS - 
A t  minu 
Ant inmy 
B a r i m  
C h r a i m  
Comer 
Man aIIC8e 
s ic fe!  
Vanadlun 
Zinc 
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Table N5a. s t a t i s t i c a l  Data Sunnary of Chemical Analyses fo r  Surface SoiCs (0-1 fbgs) 
Mn, Crate Burn Area 

Fort  Hunter Liggett ,  Cat i forn is  

- 
Standard 95% Upper 

Depth Depth Deviat ion Confidence 
fr-y Mininun L ~ c a t j m  of Mexinun Location o f  of the L im i t  of the 

Yurber o f  of Detected of Mlnvnun Min Detected of n a x i ~ ! m  Mar Arithlnetic Ari thmetic Arithmetic 
Pararr ter  Un i t s  DetectslAnalyses Detect Value Detection ( f t )  V a l w  Oetectlon ( f t )  Mean Mean Mean 

1.2.3.4.6.7.8-HpCDD ~ I k 9  1 1 3  33.3% 9.40E-05 AMO-SS-010 0.5 9.40E-05 MO-SS-010 0.5 . . 1.OM-01 2.00E-04 
Total  HpCDD m l k g  1 1 3  33.3% 1.80~-04 AND-SS-010 0.5 1.80E-04 AM-SS-010 0.5 1.00E-04 1.00E-04 3.00~-04 
OCDO m l k g  2 1 3  66.- 2.00E-04 AM-SS-009 0.5 6.20E-04 AM0-SS-010 0.5 3.00E-04 3.00E-OC 9.00E-04 

METALS - 
Arsenic 
B e r i m  
B e r y l l i r n  
c h i m  
t h r m i m  
Copper 
Lead 
Nickel 
S e l m i m  
v d i m  
Zinc 
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Table 16a. S t a t i s t i c a l  Oata Sunnery of Chemical Analyses f o r  Surface Soi ls  (0-1 fbss) 
EXP 52157 

Fort  Hunter Llggett, Cal i forn ia  

- 
s t e r d  95% Upper 

Oepth Depth Oevtatlon Confidewe 
~r-y M i n i m  Location of Meximm Location of of the L i m t  of the 

Y u t r r  of of Detected of Mini+ M i n  Oetected of M a x i ~ n  Mar Arithmetic Ari thmetic Arithmetic 
Parameter Unite Detectsllnalyses Detect Value Detection ( f t )  Value Detectlon ( f t )  Mean Mean Mean 

- 
non-Polar O i l  and Crease 
TPH-Motor O i l  

METALS 

Ant im 
Arsenic 
Bar iun 
c h i -  

CDpper 
Lead 
Mercury 
n01pkm.m 
u i r  el  .. 
Vanadiun 
Zinc 

25.0% 140.00 EXP-SO-OM) 1.0 140.00 EXP-SO-008 1.0 53.75 57.50 166.45 
75.0% 310.03 EXP-SB-009 0.5 1100.00 EYP-SB-008 1.0 460.08 454.96 1360.60 



Table W6b. Sta t i s t i ca l  Data Sumdry of Chemical Analyses fo r  Subsurface Soi ls  (3-8 fbgs) 
EXP 52/57 

 FOP^ Hunter Llggett, Cal i fornia 

- 
Standard 95% Upper 

Oepth Depth Deviat ion C?f idence 
Fr-y Mininun Location of M a x i m  Loca t im of of the L iml t  of the 

Nunber of of Oetected of  Mini- Win Detected of  Maxi+ Max Ar i thnet ic  Artthmetic Arithmetic 
Paraweter Uni ts  OetectslAnalyses Detect V a l w  Detection ( f t )  Value Detect lm ( f t )  Mean Mean Mean 

TPH - 
Total O i l  & Grease WIkO 1 1 4  25.0% 12.00 EXP-SB-005 6.0 12.00 EXP-SB-005 6.0 4.W 4.75 14.19 
uon-polar o i l  end Grease nglk9 1 1 8  12.5% 1300.00 EXP-SB-008 5.5 1300.00 EXP-SB-008 5.5 104.38 450.78 1067.91 
TPH-Motor O i l  nglkg 2 1 8  25.0% 84.00 EXP-58-009 6.0 3100.00 EXP-58-008 5.5 418.31 1083.75 2542.46 

METALS - 
Antimony 
Arsenic 
B e r i m  
Bery l l ium 
c & i m  
Chrmiun 
Cobalt 
capper 
Lead 

:Pt? 
V a d i m  
Zinc 

m1k0 2 1 8  25.0% 0.34 EXP-MI-005 5.5 0.34 EXP-MI-005 5.5 0.21 0.08 0.37 
W l k g  8 1 8  100.m 0.75 EXP-MI-0% 5.5 1.70 EXP-W-OW 5.5 1.37 0.36 2.08 
nglkg 8 1 8  100.0% 36.90 EXP-W-004 5.5 79.30 EXP-MU-005 5.5 60.15 15.43 90.38 
tnglk.9 4 1 8 50.0% 0.17 EXP-W-004 5.5 0.56 EXP-MI-007 5.8 0.33 0.18 0.69 
nglkg 1 1 8  12.5% 1.90 EXP-SB-008 5.5 1.90 EXP-SB-008 5.5 0.70 0.49 1.65 
nglkg 8 1 8  100.0% 5.20 EXP-MU-004 5.5 20.20 EXP-W-007 5.8 14.16 4.62 23.21 
W l k g  8 1 8  100.0% 1.80 EXP-MI-004 5.5 6.30 EXP-W-007 5.8 4.04 1.32 6.62 
m ) l b  1 1 8  12.5% 8.50 EXP-SB-008 5.5 8.50 EXP-SO-008 5.5 3.69 2.16 7.93 
n g l b  8 1 8  100.0% 1.40 EXP-MU-004 5.5 10.10 EXP-SB-008 5.5 3.50 2.73 8.86 
~ l k 9  2 1 8  25.0% 0.W EXP-MU-004 5.5 1.60 EXP-W-007 5.8 0.82 0.42 1.65 
nglk9 6 1 8  75.0% 8.30 EXP-MI-005 5.5 12.30 EXP-SB-008 5.5 8.06 3.61 15.20 
&kg 8 1 8  100.0% 10.60 EXP-MU-004 5.5 34.40 EXP-MI-007 5.8 25.81 7.18 39.89 
nglkg 8 1 8  100.0% 17.70 EXP-SB-009 6.0 73.70 EXP-SB-OM 5.5 . 30.21 17.91 65.31 
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Table N6c. s t a t i s t i c a l  Data S m r y  of  Chemical Analyses for  S h u r f a c e  Soi ls  (w8 fbgs) 
EXP 52157 

Fort Hmter Llggett, Cal i forn ia  

Standard 95% Upper 
Depth Depth Deviat ion Confidence 

Frequency Mininun Location of Maxinm L a a t i m  of  of the L imi t  o f  the 
Nurber of  of Detected of  M i n i m  Min Oetected of M a x i ~ l  Max Arithmetic Arithmetic Arithmetic 

P a r m t e r  Uni ts  DetectslAnalyses Detect Value Detection l f t )  Value Detection ( f t )  Mean Mean Mean 

VOCS 

Benzene 
Ethylbenzene 
Tetrachloroethene 
Toluene 

SOCS - 
Anthracene 
But Ibenzylphthalafe 
car&role 
Bis(2-ethylhexyOphthalate 
FIUOP- 
N a p h t h a l ~ ~  
Phenanthrene 
P yrene 

Total O i l  L Crease . - 
TiIi:oiesel2 
T P H - M m n ,  Extractable 
TPH-Total Recoverable 

A n t i m y  
Arsenic 
Bariun 
B e r y l l i u n  
c&im 
C h r m i m  
Cabal t 
Cower 
Lead 
Mercury Ex?- 
Seleniun 
S i l v e r  
Vanedim 
zinc 

0.36 EXP-w-005 
2.40 EXP-MU-W7 

125.00 EXP-MU-006 
0.55 EXP-W-MH 
2.20 EXP-MU-OW 

19.50 EXP-MU-007 
7.40 EXP-SB-009 

14.30 EXP-W-007 
2.80 EXP-W-007 
0.07 EXP-SB-009 
1.50 EXP-MU-006 

20.10 EXP-MU-OW 
0.83 EXP-M-007 
0.38 EXP-MU-OW 

40.30 EXP-SB-OW 
43.80 EXP-W-OW 

4107lv4 Page 1 



% U % zlyu 
0 ;;; 

,! 1 ;;: 
z 5 * a 0  - W O O  - IY U .- 
Z E ?  .- Y 0 
0 c- d 3 m . U X X  11: w 5 ' ""' z$$; 2 ,-u,- ......... 1 ;  c C O U m  n . 

; s z z z 2 2  E I j e 3 :  = I k 5  ---A, 



0 0 U 

. !$5z 1 % ~  - -= i 
5,Z.E 

:u,c.S 
2 

!.s 
i Z d B 5  
i.5-SP 
r (Y 0.- 
3D 2 

U - 
is 
J; U -x - 
L 
< 

5 x- 
E52g 
P 

6 5.5 .-,-- 
-I0 

g2; 
2-0 0 

i z  3 .- ,,- 
l lY 0 m u >  
=: 

d nr.5: 
(Y o x -  
0 - 

s 2.5 .-.- u 
W C U  m.- U 
8 = Z  
i r e  0 

2: 3 .- u- 
c u m  .- r > 
= 2 

v 
L 

P 

m 
Y 

> +- 
O z 

U 
0 

UI " .- 
S 

L - 

i 
k 
a 



Table N7b. S t a t i s t i c a l  Data Sumnry of Chemical Analyses fo r  Subsurface Soi ls  (3-8 fbgs) 
Old PX 

Fort Hunter Llggett. Cal i forn ia  

Standard 95% Upper 
Depth Depth Deviat ion Confidence 

M i n i m  Location of Maxinun Location of  o f  the L im i t  o f  the 
Nu&r  of  Fr*y of  Detected of  Mini- Min Detected of Maxi- Max Arithmetic Artthroetic Ari thmetic 

Parameter Uni ts  OetectslAnalyses Oetect Value Detection ( f t )  Value Oetection ( f t )  nean Mean Mean 

VOCS - 
Ethylbenzene 
Xylenes 

TPH - 
T P H - U n k m  Extracteble ~ l k 0  2 1 4  50.0% 61.00 WX-MU-003 5.5 170.00 WX-SB-002 6.0 61.38 76.73 211.78 
TPH-Unknom Purgeable w l k g  1 1 4  25.0% 17.00 WX-SB-002 6.0 17.00 WX-SB-002 6.0 4.63 8.25 20.80 

METALS 

Lead 
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Table N7c. S ta t i s t i ca l  Data Sunnary of Chemical Analyses for  Subsurface Soi ls (,8 fbgs) 
Old PX 

fo r t  Hlnter Liggett, Cal i fornia 

Standard 95% Umer 

..-. 
- 
Ethylbenzene 
Toluene 
Xylenes 

TPH - 
IPH-Unknrmm Extractable l ls lkg 2 1 16 12.5% 15.00 WX-MI-W)3 20.4 410.W OPX-SB-002 11.0 32.25 100.7q 2zp.77 
IPH-Gasoline w l k 9  2 I 20 10.0% 200.00 SE-OPX-IR-12W 9.5 360.00 SE-WX-IR-122C 10.0 29.68 89.62 205.34 
TPH-Unkmm Purgeable W lkg  1 1 16 6.3% 1500.00 OPX-SB-002 11.0 1500.00 OPX-SB-002 11.0 94.22 374.M 828.97 

METALS - 
Lead ~ l k g  16 I 32 50.0% 2.60 OPX-MI-002 10.4 6.40 WX-SB-001 50.5 2.40 2.10 6.51 
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Tsble W7d. Statistical Oats Sunnar of Chemical Analyses f o r  Grwdwater 
?Id PX 

Fort Hulter Llggett. California 

Standard 95% Upper 
Deuth Dmth Deviation ~ m f  i k e  -~ -- 

Mininun Location ai M a n i l ~ l  Location of 
freqwncy Detected of Minlnrn Min 

of the ~ i i i t  of the 
Yuaber of of Detected of Maxinun Mar Arithmetic Arl thmtic Arithmetic 

Units DetectslAnalyses Detect Value Detection ( f t )  Value Detection ( f t )  Mean Mean Mean 

TP W 
- 
TPn-casol ine 

Page 1 



Table N8. Non-Standard Samples Excluded from Site Characteruation and Risk Assessme,,. /a/ 
Investigation of Eight Sies 

Fort Hunter Uggett, California 

IOPX I SE-OPX-TR-COMP 

Soil sampb  c d l u M  prior to drum removal and soil excavation 
Soil sampler colluted prior lo drum rmnoval ~d soil axcavdon 
Soil sampbs coll.ct4 prior lo drum removal end soil e~cavation 
Soil sampbs collected prim O drum removal and soil excavation 

Sludge from ackd rnubd&n pit 
Water from acid neubalidon pit 
Water from acid n u b d i o n  pi l  
Drum sample 
Drum sample 
Drum sample 
Drum sample 
Drum sample 
Drum sample 
Drum sample 
Soil sampbs cdlesUd prior to w.o sump romovd and roil excavation 
Soil sampbs co1iect.d prior lo w.0 sump removal and soil excavation 

Soil stock pile sample 

lql S.e Section N3.0 for discus~on. 



Table N9. List ot Chemicals of Potenllal Concern - Human Evaluation 
Investigation of Eight Sites 

Fort Hunter Liggett, California 

SS Surfaca roil (Issr than 1 loot be lw  ground wrfsce) 
sss Subsdace roll (deplh imervsk evalueted are 1 4 . 3 6 ,  and g n s w  Lhan 8 isstbslav grwnd surface) 
GW Grwndwater 
SED Sediment 
VOCE Volatile organic compounds 
SOCs Semiwlaiite organic compounds 
H Chsmicai is a chemical of pMenUal concern bed ori rslsclion pr&nn wtlined on Agura N l  

Id Only thore chemicals selected as COPCs Ikted: &er detscled chemicals not listed. 
Ibl Additional investbation needed; see Saction 4.0 d main text - 
IU NO COPCS ldanMled st any rubsurlace smI depth lnlaval 
,d NO COPCs ~aenl6ed al any subsurface roll depth l rdcm except greater man 8 fbgr 

Page 1 



Table N10. List of Chemicals of Potential Concern - Environmental Evaluation 
Investigation of Eight Sites 

Fort Hunter Liggett. California 

SS = Suface soil (less than 1 fmt below graxvl auface) 
SBS = Subsuface soil (between 1 and 3 feet M o w  ground srrfece) 
SED = Sediment 
VOCs = Volatile organic compounls 
SOCs = Semivolatile organic m p a m d s  
E = chemical is a chemical of potential comern based selection process outlined on Figue N2. 
/a/ Additional investigation needed; see Section 4.0 of main text. 
/b/ Only those chemicals selected as COPCs llsled: o h r  detected chemicals not listed. 

Page 1 



Table Nl la. Summary of Selection of Chemicals of Potential Concern in Surface Soils (0-1 fbgs) 
Existing Burn Pit 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

Retain 
as COPC 

(or 

Humnn 
!~lutlHln! 

N 
N /a/ 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N PI 
N 
N 
N 
N 
N 

- 
FOO b 
Gnala 

enn?- 
Y 
Y 
Y 
N 
Y 
v 
Y 
Y 
N 
N 
Y 
Y 
V 
Y 
N 
Y 
v 
N 
v 
N 
Y 
Y 
Y 
Y 

I"-- 

PAGn 

- C M K  

N 
N 
N 
- - 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
MIA 
N 
N 
N 
N 
N 

-- 
PAGn 
Adult_ -.. 

N 
N 
N 
-- 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
MIA 
N 
N 
N 
N 
N 

WOE 
Is A - 

N 
Y 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

PRGn 

- 
N 
N 
N 
- - 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
MIA 
N 
N 
N 
N 
N 

N 
N 
N 
- - 
N 
N 
M 
M 
-- 
- - 
N 
N 
N 
N -- 
MIA 
N 
- - 
- - 
-- 
- - 
- - 
N 
N 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
MIA 
N 
N 
N 
N 
N 

See Se&m N3.0 for exphnatiar. COPC = Chemical of potential m n .  
95 ancent umm mntidenut l iml= b o d c a d  corcmi~albns. Y = Yes. . . 
.fb& = Feet bdow gwnd s u b .  

- 
N = No. 

FOO = Frequency of detection. M = Maximun investigative c m a h n  is in excess of badcgwnd c~lcenaation a PRG. 
WOE = WeigM af evidence. A = Avwnge investigative conenbatkm is in excess of backgroud cmenkation a PRG. 
PRGF = Preliminary remediationgoal, cacimgenic. -- = Not avaibble. 
PRGn = Relimimry rernediah goal, mrrarcimg&. 
la1 Detected melals were m i d w e d  badcgrd-rebted: see See60n N4.f .2 f a  dkcussbn. 
bl TFU rnixtves evaluated hrough vobtile organic and semivolatile agaric wmtihlenh; see Sectim N4.1.5 kq diruuion. 
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Table Nl Id. Summary of Selection of Chemicals of Potential Concern in Subsurface Soik (z 8 hgs) 
Existino Burn Pit 

investigation of Eight Sites 
Fort Hunter Liggett. California 

- 
FOO b 

than 5% 

Y 
Y 
Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 

- 

WOE 
i5 A 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

- 

MIA 

N N 

COPC = Chemical of pden(lal mnan. 

MIA 
N 
MIA 
MIA 
MIA 
N 
N 
N 
N 
N 



Table N l l  e. Summary of Selection of Chemicals of Potential Concern in Groundwater 
Existing Burn Pit 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

mdlor Arithmetic M a n  Concenkation i n  
Residenthl 

Retain 
as C O W  

fa 
Human 

Evaluation 

N /a/ 
N 
N 
Y 
N /b/ 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 

Retnin 
as COPC 

for 
Environmental 

Evaluation 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
NA 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

P 

I1 worker 
,tor 

PRGn 

- 
FOD is 
Greater 

Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 

Chemical FED 
MCL 

MIA 
N 
N 
N 
MIA 
M 
MIA 
N 
N 
- - 
N 
N 
N 
- - 
N 
N 

PUGn 
Child 

MIA 
U/A 
N 
- - 

N 
M 
- - 
N - - 
M 
N 
N 
N 
N 
N 
N 

- 
PRGn 
Adult 

N 
M 
N 
- - 
N 
N 
- - 
N 
- - 

N 
N 
N 
N 
N 
N 
N 

3 
PRGc 

- 
PRGc 
Child 

- - 
WA 
-- 
WA 
M 
-- 
MIA 
- - 
-- 
-- 
-- 
- - 
- - 
- - 
-- 
- - 

Antimony 
Arsenic 
Barium 
Bensene 
Bis(2-ethylhexy1)phthalele 
Cadmium 
Chysens 
COPW 
Lead 
Molybdenum 
Nickel 
Selenium 
Toluene 
Vamdium 
Xylenes 
Zinc 

See Section N3.0 for explanation. 
FOO = Freqoency of deiecth. 
WOE = WeigM of evidence. 

COPC = Chemical of Potedal Concern. 
Y = Yes. 
N = No. 

CA MCL = Celifwnia maximum wntamlnant level. 
FED MCL = Federal maximum contaminant level. 
PRGc = Preliminary remediationgoal, carcimgenic. 
PRGn = Preliminary remediation goal, nomrcincgenic. 

M = Maximum investigative concentration is in excess of MCL w PRG. 
A = Average investigative concentration is in excess of MCL or PRG. 
-- = Notavaikble. 

NA = Environmental COPCs were not identified in groundwatm because exposue of environmental 
biota to groundwatw is not expected. See Section N6.0. 

/a/ May be labaatory contaminant or artifact of sampling: see Section 4.0 of main text. 
/b/ Detected at low frequency and at low concentrations, and mrxe Van likely a labmamy contaminant 





Table N12b. Summary of Selection of Chemicals of Potential Concern in Subsurface Soik (1 -3 fbgs) 
Abandoned Burn Pit 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

W P C  = Chamlkal of potential ancan. 

tkdcwoud 

N 
N 
N 
N 
N 

... 

cbmkal 

Bariun 
Chomim 

Capper 
Nickel 
Zinc 

See Sactbn N3.0 l a  exdadism. 

FOO is 
Grm(r 
- 5 %  . . . .- . .. 

Y 
Y 
Y 
Y 
Y 

WOE 

1 0 A  

N 
N 
N 
N 
N 





Table N12d. Summary off Selection of Chemicals of Potential Concern in Subsurface Soik (>8 fbgs) 

See Sectiar N3.0 kf exphmbn 

Abandoned Burn Pit 
Investigation of Eight Sites 

Fort Hunter Liggett, California 

mmin 
a. COPC 

lor 
nv*onmental 
Evahrslionhrslion 

N A 
N A 
NA 
NA 
N A 
N A 
NA 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

(bgs = Feel blow wand su(ace. N = No. 
FOD = hequamy ol detach.  M = Maxhwm anrcenbatbn k in excess of bsdcgroud cmxnbatan a Pffi. 

WOE = Weight of evidence. A = Average inves~6ve  anrcenbatbn is in excess of bnckgoud mnenbalion a PRG. 
PRGc = Reliminery remedatbngoal, car-. -- = Not awihbb. 
Pffin = Relimimry remedah gcal, mncarcimgwic. NA = EmirormenBl COPCs ware not WM in Jdls seater Umn 8 lbgs becauut exposue b 

la1 Detected metsls were ctmideted ba&g&-related: s e ~  S d o n  N4.1.2 (a discussion. emiramentsl Mb at lheJe depihv k mt expeded. See S d b n  N6.0. 



Table N12e. Summary of Selection of Chemicals of Potential Concern in Groundwater 
Abandoned Burn Pit 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

Araenlc Y Y N 
Bariun Y N N 
4-Meih+Z-penk,mne(MlBIQ Y N - - 
MalVWenun Y N - - 
TRI-Tot4 Remvaabb Y N - - 
Tffl-Unkmwn M b ) e  Y N -- 
Vanadium Y N - - 

Sse Ssclbn M.0 lor .rphnatbn. 
MO = hsqunncq d daakn .  
WOE = WeigM of evidence. 

COPC = Ckmkal of Powdal Cmcern. 
Y = Yes. 
N = NO. 
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Table N13b. Summary of Selection of Chemicals of Potentiel Concern in Surface Soik (0-1 fbgs) 

See Sectbn M.0 la exdamtkn. 

Site BJ Area II 
Investigation of Eight Sites 

Fort Hunter Liggett. California 

COPC - Chemicsl of mdeni!al -n. 
95 prcent -per conMence &il= hckgand axrenbatbrs. Y = Yes. 
fogs = Fed below gourd aulace. N = No. 
FM) = Frequency of detectkn. M = Mexhnum bligative concen(ratian is in encasa ol tackgourd ewrenbatkn a PRG. 
WOE = Weight ol evidence. A = Average investigelive comenbalion ia in excess of teciIgourl cwce&ation a PUG. 
PRGc = Relimimry remedmUrmgoal, carcimgenic. -- = Not available. 
PRGn = Relirninsry remedaliongoal, noncsrcimgenic. 
/el Detected el low keguenv and st low concenbafiona. and more lhan lkeh, a hboratav commimr#. 

- 
AaWn 

IS COF'C 
fin 

Human 

valuatron 
N 
N lbl 
N 
N 
N lbl 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N lcl 
N 
N 
- 







C .- 
E 
i .91 
S rnE - - 0  
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91 
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Y L m 0 - I  

al '= b 8 -  ms '5 fA .P c 
al ilz 6 > -  - 5 g  
0 u 
6 .- 
5 - 
al 
co 
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Table N13e. Summary of Selection of Chemicals of Potential Concern in Subsurface Soik (28 fbgs) 
Site 8J Area II 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

RsBln 
88 COPC 

(a 

E m * m e m a I  
E~lustiim_ -. 

N A 
N A 
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Table N13j. Summary of Selection of Chemicak of Potential Concern in Sediment 
Site 8J Area Ill 

Investigation of Eight Sites 
Fort Hunter Liggen, California 

see Sgtion N3.0 (or sxpbpbna*ar. WPC = Chamiml of potdin1 concern. 
95 psrcerl uppa ca+dsnq, limit = backgrumd mncantalbns. Y = Yss. 
+= Fwlbebwgrumdsvtace. N = No. 
FOCI = Frequency 01 detection. M = Mnwiiun invn,Ugah ccncenta6an b in excess of background ummm~bon u PRG. 
WOE = WeigM of evklence. A = Average inveslk~mlive carentation is In excess of backgod mncentah  or PfiG 

PRGc = Rdkninary remglilion goal. carcho&c. -- = Not amhbie 
PrWjn = Reliimfy remedialion goal, mraciagenk.  
la1 Detected met~ls were mrddaed backgod-rdatad; see Sctbn N4.1.2 lor discmsian. 
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Table N14c. Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (3-8 fbgs) 
Building 290 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

See Seclion N3.0 la e x d a m h .  







Table N14e. Summary of Selection of Chemicals of Potential Concern in Groundwater 
Building 290 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

- 
FOO k 
GRata *"* 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
v 

WOE 
is A --- 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

2 ! * d d  
CA 1 FED 

- 
PRGc 
Child . . . . . . . - 
- - 
- - 
- -  
- - 
'4 
- - 
- - 
-- 
-- 
-- 
- - 

COPC = Chemicsl ol Pdentbl Concern. 
Y = Yes. 
N = No. 

- 
PRGn 
M u l t  . .- 

N 
- - 
N 
N 
N 
N 
N 
N 
N 
N 
- - 
N 
N 

-- 

a ( ~  COPC as COPC 

M = Maximun imesfiaetivs m M n t a h  is in ex- of MCL a PAG. 
A = Average invesligs(ive mneenbah is in excess d MCL a PAG. 
-- = Not available. 

NA = Envbonmental COPCs were not identhd in qandwater because ex-e d envkomwnlal 
bbw lo growlwater is ml expected. See Sechn N6.0. 

la/ b y  be bbaatay cmlamimnl a ar(lfaclof samplli: see Section 4.0 of main text 
Ibl D&ed al la. heq- and at brv concmirahrs, and m a e  hnn likeiy a labaalay catsminanl. 
W TPH mixlues evaluated Ihough vdatile aga* and semivolatile aganic constiluenls; see Sadon N4.1.5 ta disaasion. 
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Table N15b. Summaw of Selection of Chemicals of Potenlial Concern in Groundwater 
AMMO 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

- 
Max!!! andla&-iq?meaCackka~-~*ddlb.l~EXEI.eeot.- ~ h k ,  -in 

AeMlCv Raiden(hl Conrmclal W a k a  an COPC aa COPC 
-ee!or lor lor ?TWkiTz4 -n 

PRGc 1 Ii-n Envir- 
MCL -. chnd -@.*!. Adult .. . 

I 
e ! ~ ! m E v a l . ~ S o n  





Table NlBb. Summary of Selection of Chemicals of Potential Concern in Subsurface Soils (3-8 fbgs) 
Exp 52/57 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

Rssln 
sa COPC 

hn 
Mumn 

E!!!ustipn_ 

N 
N la1 
N 
N la1 
N 
N 
N 
N 
N 
N 

N 
N lbl 
N 
N lbl 
N 
N 

Rssln 
as COPC 

I'" - 
PRGc 
Child -. . . . . .- 

- - 
UA 
- - 
MIA 
Y 
- - 
- - 
- - 
- - 
-- 

- - 
- - 

Evaluation -. -- 

-- 
MIA -- 
MIA 
N 
-- 
- - 
-- 
- - 
-- 
- - 
- - 
- - 
-- 
-- 
- - 

N 
N 
N 
N 
N 
N 
- - 
N 
N 
N 
N 

MIA 
N 
MIA 
N 
N 

N 
N 
N 
N 
N 
N 
-- 

N 
N 
N 
N 
M/A 
N 
MIA 
N 
N 

N 
N 
N 
N 
N 
N 
- - 

N 
N 
N 
N 
MIA 
N 
MIA 
N 
N 

N 
N 
N 
N 
N 
N 
-- 
N 
N 
N 
N 

MIA 
N 
MIA 
N 
N 

COPC = C h d i l  of p o t d l  mncern 

fbgs = Feet below wound svhcn. 
FOD = Frequent/ ot deb=tim. 
WOE = WeigM of evidence. 
PRGc I Rdimimry remedntbn goal. c5cimgsnic 

N = No. 
M = Maximun invesligniive mncenbatbn is in ex- of backgoud nncentah  or PRG 
A = Average inves6gsiive concenlrah is in excess of backgand cwrentalian a PRG. 
-- = Not avaibble. 
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Table N l f k .  Summary of Selection of Chemicals of Potentil Concern in Subsurface Soils ( w 8  bgs) 
Exp 52/57 

Investigation of Eight Sites 
Fort Hunter Liggen, California 

R H  
--- . 

mGc 
Adult - ~ -. .- 

-- 
- .. 
-- 
-- 
N 
-- 
- - 
-- 
- - 

M M 
MIA MIA 
M M 
MIA MIA 
N N 
N N 
N N 
N N 
N N 

COPC = Chanical d posntal ancern. 

a_e!E?E!tidnj 
hnmercbl W a h a  

M 
MIA 
M 
MIA 
N 
N 
N 
N 
N 

M N bl 
MIA N ibl 
M N lbl 
MIA N ibl 
N N 
N N 
N N 
N N 
N N 

Rotah 
as COPC 

(a 



Table N16d. Summary of Selection of Chemicals of Potential Concern in Groundwater 
Exp 52/57 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

Aetaln 
aa COPC. 

for 
Human 

EraluaHm .... 

N  la/ 
N 
N  
v 
N  la1 
N  
N  
Y 
N  
N  lbl 
N  lbl 
N  bl 
N  bl 
N  bl 
N  
N  

Aetaln 
as CoPc 

for 

Evaluation - - . -- - -- 

NA 
N  A 
NA 
N A 
N  A 
N  A 
NA 
NA 
N  A 
N  A 
N  A 
N  A 
NA 
N  A 
N  A 
N  A 

- 
PRGc 
Child .. - 
- - 

MIA 
- - 

MIA 
-- 
- - 
- - 

MIA 
- - 
-- 
-- 
- - 
- - 
- - 
-- 
- - 

- 
A r s f ! k  
B a r h  
BsmenO 
Carbon distlRde 
Elbibemem 
Lead 
Tetachboehene 
Tduene 
Tffl-Diesen 
Tffl-Oil and C11maa(nm-pohrj 
T W - U r k m  Extadahle 
T W - u r k m  Pugeabk 
TW-Tt4d Recoverable 
vansdim 

XvlDnes 

See Seabn N 3 . 0 ~  emration. 
FM) = hequennl of detec(ion. 
WOE = Weiatd of evidence. 

COPC = Chemical of Potdial Cmern. 
V = Yes. 
N  = No. " 

CA MCL = Califaria maxhmm -rant level. 
FED MCL = Fedaal maxinnnn &minanl level. 
PRGc = Reliminary remadbtiongoal, carcbgenk. 
PRGn = Reliminuy remediation goal, norcad+. 

M = Maxhlm illve5tigalive nmenbaUon is in exurjs of MCL a PRG. 
A = Average illve5l!golive c ~ a t i n n  Is in excess of MCL a PRG. 
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Table N17d. Summarv  o f  Select ion of  Chemicals o f  Potential Concern  in Groundwater 

Old PX 
Investigation o f  Eight Sites 

Fort Hunter Liggett. California 

Chemical 

Benzene 
TPH-Gasoline 

See Section N3.0 101 explanation. 
FOO = Frequency of det&n. 
WOE = WeigM of evidence. 

Maximum andla Arithmetk M e a n  Concentration in Excess of: Retain Retain 

Agency Residential Commercial Worker as COPC as COPC 
Standard Receptor Receptor for for 

WOE CA FED PRGc PRGc PRGn PRGn PRGc PRGn Human Environmental 
is A MCL MCL Child Adult Child Adult Evaluation Evaluation 

I I I I I 

COPC = Chemicsl of Potential Concern. 
Y = Yes. 
N = No. 

CA MCL = California maximum conlaminant level. M = Maximum investigative concentration is in excess of MCL 01 PRG. 
FED MCL = Federal maximum contaminant level. A = Average iwestigative concentration is in excess of MCL a PRG. 
PRGc = Preliminary remediation goal, carcinogenic. -- = Not available. 
PRGn = Rdiminary remediation goal, noncarcinogenic. 
/a/ TPH mixhres evaluated through voiatile organic and semivoiatile organic constituents: see Saction N4.1.5 for discussion. 



Table NIB. Risk Characterization of Groundwater Chemicals of Potential Concern - 
Average Scenario la1 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

Lawest PRG Existing Burn Pit 52/57 

C O W  WOE &Ill) Excess Excess 

- /b/ PRGc PRGn Risk Index Index 

Benzene A 0.179 -- 1.15 6E-06 4E-05 

Tekachlaoethene N A 0.352 365 /c/ 1.21 kl 3.38 1 E-05 9E-0, 

subtotal; 6E-06 5E-05 9E-0, 

Arsenic A 0.0487 4.07 1 /c/ 1 /c/ 1 Id 1- 
Cadmium -- 81 Id/ 6.78 2.80 -- 4E-01 
Molybdenum N A 67.8 63.26 -- 9E-01 /c/ - - 

subtotals I I I I I IE+OOII  I I 
Totals 6E-06 I IE+WII 5E-05 I 9E-0 

COPC = Chemical of Potential Concern 

WOE = WeigM of Evidence 

PRG = Preliminary RemediationGml 

pgll = Microgram per litw 
PRGc = Preliminary remediationgoel, based on carcirogenicily 

PRGn = Rel imi~ry  remediation goal, based on noncancer effects 
VOCs = Volatile organic compounds 
NA = No WOE assigned. 
-- = PRG not available; Umrefore no risk or ratio calculated 

/a/ See Section N5.2 for explumtion. 

/b/ See Appendix M for explanation. 

/c/ Chemical b mt a COPC a1 this site. 

Id/ WOEfu Inhalation route is NA, for oral route WOE is 81 

Page 1 



Table N19. Risk Characterization of Groundwater Chemicals of Potential Concern 
RME Scenario la1 

Investigation of Eight Sites 
Fort Hunter Liggett. California 

Benzene 

Tetrachlaoethene 

Subloialt 

Arsenic 

Cadmium 
Mol Menum 
SubtDtak 

Tolels 

Lnresl  PRG Existing B u n  Pit Exp 52/57 

lJlgfl) RME Excess Hauvd RME Excess Harard 

PRGc PRGn (Irg/l) Cancer Risk Index ((lgfl) Cancer Risk Index 

RME = ReaximMe Maximum Exposue PRGc = Relimimry remedhtion goal, based on carcinogenicity 

COW = Chemical of Potential Concern PRGn = Preliminary remediation goal, b a d  on mnuvcirwgenicity 

WOE = Weight of Evidence VOCs = Vdatile wganic compounds 

PUG = Reliminery AemedhhnGoal NA = No WOE assigned 

pgfl = Miaograms per liter - - = PRG m t  available, Uwrefae m risk a rat!a is calculated 

/a/ See Section N5.2 for explamb. 

Ibl See Appendix M f u  expmtion. 
/c/ ChWnical is not a COW at this site. 
/dl WOE for inhalelion route is NA: WOE for oral route is 01. 
/el hunding of values reurlk in h i g h  d u e  than shown on individual chemical basis. 



Table N20. Summary of Uncertainties 
Investigation of Eight Sies 

Fort Hunter Liggett, California 

Potential Potential 
Assumption Magnitude of Magnitude of Comments 

Overestimation Underestimation 
of Risk of Risk 

GENEPAL 

Cdlr*on d Sb-Smi l i c  Data 

Ail chemicdr oi ioxicdogicd significance at the 
sin m r e  d.Ucted 

COW Selection 

BTM and PAHs admquately reflect Vw (oxicily 
of deluted TPH 

Ewcsure Estimation 

Chemicals do not degrade in the environment 
om time bvl remain at mn8ur.d concentrations 

Chemical Toxicitv Evaluation 

Chemicals do not react with each other or o h f  chemicak 
m generate MW toxic chemicak or less chamicais 

Risk Chuacterizaion 

Cbmicals at th. s b  do not haw ~ymrgis~tic or 
mwgmistic e k L z  

HUMAN HEALTH ASSESSMEW 

COW Solution 

Frmqmmy of d W o n  and PROS u a  admquate 
rc rm ing  crileria lor COFC ralec*n 

Bsckground hrnhold vdws are adequate screening 
s r W  tor COFC n l u t i o n  

Exwrure Eafimalion (or PRGs (bwndix Ml  

Santitive humm r r e p m n  m r e  d e n W  end evaluated 

Factors used lo 8sUmate e v u r m  urn applicabb for 
dl humm population groups 

Exposure fmquency and expmure duration 
accurately rrpraent rraptor =tides 

Soil ingestion rates  used accurately r.present 
etd ingsstion rates 

moderate- high 

moderate 

low 

low 

rn&rate 

moderate 

modarate 

low 

iow 

none 

low 

iow 

low 

low 

low 

low 

low 

moderate 

low 

N y l e  lists bas& on sRe u e  
m d  previous invedgations 

WLHr hydraarbom in TPH 
generally have lower micity 

Conservative: slow dogfadabon of CD 
and CDFs m d  ottnr cbmicds m q  
acur .  and VOCs me noi pers~tmi 

Major pathways ider 
based on current d. 

Not known to occur, data 
insufkient to quantify 

Not known io occur: data 
insficient to qumtily 

D.Uchd concanuatona of 
unsdumd cimmlcak me 
far below PRGs or M C k  

Background threshold vslw ma 
an upp.rbound value 

Child receptors included 

Intake assumptions 
gererally CMSDNativo 

kommonded by EPA ' 'SPI 
Fatly exlensw data t ~e 



Table N20. Summary of Uncertainties 
Investigation of Eight Sites 

Fort Hunter Liggett. California 

p- 

Assumption 

-- 

Potential Potential 
Magnitude of Magnitude of Comments 

Overestimation Underestimation 
of Risk of Risk 

Dermal surface area assumptiom accurmeiy 
raflat a c M  exposure 

Dermal adherence factors accurately 
rafted actual exposure 

A dermal absorption factor of 1 percent ipr CDDs 
and CDFs accurately reflects acmal exposure 

lnhaiation rater used accurately 
M e c t  a c t 4  exposure 

K)pglm*ambient dust in air accurately 
Mutr s t u d  axposure 

All signficmt potential receptors wore 
am*d M d  q u a n ~ e d  

Chemical Toxicitv Evalua6on IApoendix MI 

Animal data can bc .x+mpoiated to humms 
with l i e  error 

High-dme experiments can be exbspoiatwd to 
low-dose exposures with lime error 

Toicity Mlua dweloped tor oral eaposurn may be 
usad to ndma dmrrnm expasurn 

I -EFs may b. u s d  to accurately represent 
the toxicity d all detect& CDDS and CDFs 

ECOLOGICAL ASSESSMEKT 

COPC Sdedon 

Frqumncy d d M o n  ir an adquate 
rctnning crmion k r  COPC salubon 

kkg round  thrnhold v a l m  arm adaqude scfnning 
critnia for COPC wiut ion . 

Th. h a b i  and species survey conducted 
in h sit. arm idenfifi.d all potential 

moderate 

moderate 

high 

low 

high 

low 

moderate-high 

moderate 

moderate 

low 

low 

mne 

low 

iow 

low 

low 

low 

moderate 

low 

low 

low 

low 

Considerrd consewaive 
lor local climate 

Considered consew& 

CormbNakv upperbound - 
published values for 2.3.7.B-TCDD 
range varm from 0.1 to 1 p.rcent 

Considered conswvdvs. 
variohilii low 

Considered conservaWa. 
limaed by imd us. 

Most sensithe animal 9p.si.r 

used extrapolation with conservaUve metho& 

Emapdaion techniques 
consid.red cons@rv& 

lftoxicitf is systemic in Mblre. 
approach unlikely to ;uM.nfialiy 

undmreatimm toxkity 

i -EFva lua  enonsivoly 
war reviewed 

Chamicals with FOD greater man 
5% may not ba disbibub at high 

concentraions 

hckground thrahdd v d u a  are 
M upwrbound value 

Beth ObseNd and e x p d  
s p u k  for &e habiiats nar 

the site were considered 
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APPENDIX B 

BACKGROUND SOIL CHEMISTRY EVALUATION 
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B1.O INTRODUCTION 

This appendix describes the results of the 
background soil chemistry evaluation at Fort 
Hunter Liggett, California. The purpose of this 
evaluation was to develop upper limit (threshold) 
concentration values of California Code of 
Regulations (CCR) Title 22 metals. Threshold 
concentrations are used to distinguish naturally 
occurring (i.e., background) metals concentrations 
in soil from those related to site usage. 
Consistent with EPA guidelines [EPA, 1989), 
background concentrations are defined as: 

Naturally occurring concentrations, not 
influenced by humans 

Non-siterelated ambient or non-site-related 
anthropogenic chemical concentrations 
(e.g., from nearby industrial, a@cultural, or 
vehicular activity]. 

The backgound soil chemistry evaluation was 
conducted in two phases. Plate 1 presents a 
flowchart of the Phase I and Phase 11 methods 
used in this evaluation. 

During Phase I, as described in the Work Plan for 
Investigation of Eight Sites [Work Plan; 
HLA, 1993a), three geologic settings were 
assumed to control differences in the background 
soil geochemistry, (Table Bl). The three geologic 
settings are as follows: 

The Floor of the Snn Antonio River Basin. 
This area has up to 20 feet of alluvium 
underlain by the Monterey Formation. The 
relatively flat terrain and the soil composition 
suggest that flooding and other hydrologic 
fluctuations of the San Antonio River may 
have influenced soil development in this 
area. 

Eastern Flank of the Nacimiento River Besin. 
Geologic units in this setting consist of 
alluvium underlain by the Unnamed 
Formation, Vaqueros Formation, and possibly 
granitic rocks of the Saiinian crystalline 
basement. Alluvium consists of both fine- 
grained (clay and silt) and coarse-gained 

(sand and gravel) material, 

Eestem Flank of the San Antonio River 
Basin. Geologic units in this setting consist 
of undifferentiated alluvium and the Paso 
Robles Formation. The alluvium consists of 
fine-grained (clay and silt) and coarsegained 
(sand and gravel) materials. Caliche has 
been observed in samples collected from 
several borings. This area is above the valley 
floor, suggesting that soil development has 
probably not been as strongly influenced by 
the San Antonio River as soil in the 
floodplain. The presence of caliche in the 
subsurface also suggests distinctive soil 
development conditions. 

In Phase I, existing soil chemistry data were 
reviewed to: 

Assess the influence of differences in 
geologic environment on the background 
geochemistry 

Develop preliminary background chemistry 
statistics and threshold values 

Estimate whether additional samples were 
needed to adequately characterize the 
background geochemistry, and if necessary, 
quantify the number of samples required to 
supplement existing datasets. 

Phase I results were used to develop the Phase I1 
background soil sampling and analysis plan. 
which was described in the Work Plan, 
(HLA, 1993a). 

The objectives of the Phase I1 background soil 
chemistry evaluation was to: 

Collect and analyze additional background 
soil samples, as recommended in the Phase I 
evaluation 

Develop background statistics for these 
additional data 
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Appendix 6 

Compare the Phase I and Phase I1 background 
statistics. 

Final backpound datasets were created for each 
geologic setting from Phase I and Phase I1 
datasets. Threshold concentrations were then 
developed from these compiled final background 
datasets. 

Section B2.0 describes (1) the collection and 
compilation of background soil chemistry data, 
(2) the methods and results of Phase I and 
Phase IT descriptive statistical evaluations, and 
(3) the comparison and evaluation of Phase I and 
Phase I1 datasets used to develop the final 
background datasets. 

Section B3.0 describes the estimation of 
background threshold values. Section B4.0 
describes conclusions to the background study. 

82.0 BACKGROUND 
GEOCHEMICAL DATASET 

This section describes the methods used to create 
and evaluate the Phase I and Phase I1 datasets 
and develop the final background datasets. 

During Phase I, three geologic settings were 
identified and assumed to control differences in 
the background soil geochemistry. For this 
reason, three Phase I datasets were created based 
on an evaluation of site locations relative to 
geologic setting. The Phase I data became 
Datasets 1, 2, and 3. 

During Phase 11, additional background samples 
were collected to supplement the Phase I 
datasets, from which Datasets 4, 5, and 6 were 
created. However, a preliminary review of the 
Phase I1 data indicated that additional 
geochemically unique subsets of data may exist. 
For this reason, a data subset from the Former PX 
Facility (OPX) was removed from Dataset 6 and 
was used to create Dataset 7. 

The datasets representing the three geologic 
settings as described in Phase I are as follows: 

Datasets 1 and 4 represent samples collected 
from the Floor of the San Antonio River 
Basin. Dataset 1 comprises metals data from 

Existing Burn Pit (EBP) and Abandoned Burn 
Pit (ABP) Dataset 4 comprises data from EBP, 
ABP, Ammunition Crate Burn Area (AMO) 
and Building EXP 52157 (EXP). 

Datasets 2 and 5 represent samples collected 
from the Eastern Flank of the Nacimiento 
River Basin. These datasets comprise metals 
data from Site 8J (SBJ). 

Datasets 3 and 6 represent samples collected 
from the Eastern Flank of the San Antonio 
River Basin. These datasets comprise metals 
data from the Building 290 Area (290). 

Section B2.1 describes the collection and 
compilation of the Phase I and Phase I1 datasets. 
Section B2.2 describes the descriptive statistics 
for the Phase I and Phase I1 datasets and the 
analysis of variance (ANOVA) test used to 
evaluate whether the geochemical differences 
between the datasets, due to geologic settings, 
were statistically significant. Section B2.3 
describes the methods used to compare Dataset 1 
with Dataset 4, Dataset 2 with Dataset 5, and 
Dataset 3 with Dataset 6, and the development of 
the final background datasets. 

82.1 Collection of Background 
Data 

Phase I datasets were compiled from soil 
chemistry data collected during previous site 
investigations that was edited to remove those 
samples that (1) were associated with detected 
organic compounds, (2) had metal concentrations 
that fell outside assumed normally distributed 
range of concentrations, or (3) contained 
inconsistent or high detection limits. Phase 11 
data were collected from areas that appeared to 
be unaffected by anthropogenic activities. The 
collection and compilation of these data is 
described below. 

82.1.1 Phase I . Review of Existing 
Data 

Soil chemistry data from previous investigations 
were compiled to create preliminary Phase I 
datasets. These datasets were statistically and 
graphically reviewed to identify and remove 
(censor) data points that potentially represented 
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Appendix El 

contaminated soil conditions. The compilation 
and censoring of the Phase I datasets is described 
in detail in HLA, 29930. 

In the Phase I evaluation, the datasets were 
censored on the following basis: 

If samples contained detectable 
concentrations of organic chemicals, 
including total recoverable hydrocarbons, 
total petroleum hydrocarbons, and methyl 
isobutyl ketone, they were removed from the 
dataset. The presence of organic compounds 
indicated possible site-related anthropogenic 
contamination. 

If samples contained concentrations of metals 
that appeared to be outliers identified on the 
basis of a graphical presentation of data 
(histograms), they were censored. Data 
outliers were assumed to represent site- 
related anthropogenic contamination. 

If samples contained analytical results for 
metals with inconsistent or higher detection 
limits, the samples were removed from the 
dataset. Non-uniform detection limits skew 
the datasets such that statistical calculations, 
such as Frequency of Detection POD), 
Coefficient of Variation (COV), and Cohen's 
Method, cannot be performed. 

The Phase I datasets comprised the remaining 
data. 

82.1.2 Phase I1 - Collection of 
Additional Samples 

The Phase II background soil sampling and 
analysis program was developed on the basis of 
results of the statistical evaluation of the Phase I 
datasets (HLA, 1993a). The number of samples 
necessary to adequately characterize the mean of 
the background population was estimated by 
applying Stein's Method (EPA, 1986) to the 
Phase I datasets. The number of samples 
calculated using Stein's Method was used to 
develop the sampling program for the Phase I1 
evaluation. 

The locations for collecting Phase I1 surface soil 
samples and drilling soil borings were selected 

on the basis of site inspection and review of site 
history. Areas were chosen that appeared to be 
unaffected by anthropogenic activities. Samples 
were collected fallowing standard sampling 
protocols descrhd in the Quality Assurance 
Project Plan (QAPP; HLA, 1993b). Table B1 
summarizes the Phase 11 background sampling 
and analysis p-m. Plates B2 through B9 
show the background soil sampling locations. 
Boring logs for fhe three background soil brings 
are in Appendix E. 

Samples from EBP, ABP, Building EXP 52/57, 
S8J, 290, and AM0 were analyzed for CCR 
Title 22 metals @us hexavalent chromium. 
Background samples from 290 were also analyzed 
for pH. Soil samples collected from the OPX 
were analyzed far total lead only. 

Phase 11 soil analytical results were not censored- 
(as were Phase I data) because the samples were 
collected from areas that do not appear to have 
been affected by anthropogenic activities. 
However, some Phase II metal results were 
qualified as not detected due to laboratory blank 
contamination (presented in Appendix K) and 
were not included in the total number of 
analyses used irr calculating the FOD discussed 
in Section B22. All other statistical calculations 
were performed using the original detected 
values. The rationale for this treatment of 
qualified metals data is described below. 

Metals are frerloently detected at low levels near 
the inshwnent detection limit (DL) and often at 
concentrations less than the contract required 
detection limit (CRDL) in laboratory calibration 
and preparation blanks. These detections may be 
due to: the presence of metals in the blanks, 
artifacts of the sample preparation process, or 
instrument drift and noise. To address the 
uncertainty that arises with laboratory 
contamination. data validation procedures 
described in the QAPP specify that all sample 
results associateal with the blank at less than five 
times the vallle f w d  in the blank are to be 
qualified as undetected, with the detection limit 
raised to the oxiginal sample result. This 
procedure r e m m  low concentration false 
positive va lug  and may also screen out some 
valid positive sample results. Thus, the 
validation prooess screens out low-concentration 
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Appendix B 

information from some laboratory batches. The 
potential bias of not removing low concentration 
false-positive results from the background dataset 
is considered to be less detrimental than the bias 
of raising the reporting limit and removing actual 
detected values for the calculation of backgrouud 
statistics. However, results qualified as not 
detected due to blank contamination are not 
included in the FOD calculation because of the 
overall uncertainty of these data. 

Analytical results for Phase I1 background soil 
samples are in Table B2. 

82.2 Descriptive Statistics 

This section describes the descriptive statistics, 
i.e., the frequency of detection (FOD) the mean, 
standard deviation, COV, and analysis of 
variance (ANOVA) used to evaluate variations 
within the Phase I and Phase I1 data. 
Section 2.2.1 and 2.2.2 describes the results if the 
Phase I and Phase I1 statistical analyses, 
respectively. A discussion of the descriptive 
statistics and the ANOVA of variations within 
Phase I and Phase 11-data is presented in 
Section 2.2.3. 

The FOD is important in evaluating whether 
enough detected values are present to statistically 
characterize a dataset using mean, standard 
deviation, COV, and ANOVA. The FOD equals 
the number of times the chemical is detected 
divided by the number of samples analyzed. An 
FOD of less than 50 percent reflects a dataset that 
is sigmficantly truncated by the detection limit 
and does not fully characterize the population for 
calculation of parametric statistics; therefore, the 
mean and standard deviation were calculated 
only for those analytes with FOD greater than 
50 percent. 

The mean and standard deviation are calculated 
to describe the distribution of metals 
concentrations within a dataset. The mean is 
calculated by dividing the sum of metals 
concentrations by the total number of samples. 
The standard deviation, which measures the 
spread of sample concentrations is calculated 
using the equation 

where: 

y = the concentration in each sample 

- 
y = the mean of metals concentrations 

n = the total number of samples 

For analytes with FOD greater than 85 percent, 
nondetect values are represented as one-half the 
detection limit in the mean and standard 
deviation calculations. For analytes with FOD 
between 50 and 85 percent, the mean and 
standard deviation calculations are corrected 
using Cohen's Method. A detailed description of 
this method and the criteria used to address 
nondetect values in a statistical dataset is in 
EPA, 1989. 

The COV is the standard deviation divided by 
the mean. The COV is calculated for those 
analytes with FOD greater than 50 percent, using 
the statistics that reflect the corrections made by 
Cohen's Method or the substitution of one-half 
the detection limit for nondetect values. A COV 
of less than or equal to 1 indicates that the 
dataset may be normally distributed. 

ANOVA techniques were used to assess whether 
statistically significant geochemical differences 
exist among the Phase I Datasets 1, 2, and 3 due 
to differences in geologic environments. The 
ANOVA evaluation consists of comparing the 
variance within a dataset to the variance among 
one or more datasets. The ratio of the two 
variances follows the F disbibution when the 
datasets are subsets of a single normally 
distributed population. The criterion used to 
demonstrate a statistical difference was the value 
describing the upper 5 percent of the F 
distribution. The criterion equates to a 5 percent 
probability of incorrectly concluding that the 
populations being compared are not equal. The 
ANOVA statistical evaluation technique is 
described in EPA, 1989. 
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Analytes with greater than 50 percent FOD were 
evaluated using ANOVA. During Phase I, 
geochemical differences due to geologic 
environments between Datasets 1, 2,  and 3 were 
evaluated using ANOVA. During for Phase 11, an 
inspection of sample results f ~ o m  preliminary 
Datasets 4, 5, and 6 indicated that additional 
geochemical variation existed within these 
datasets. These additional Phase 11 variations 
were evaluated using ANOVA. 

B2.2.1 Phase I Descriptive 
Statistics 

Phase I background geochemical statistics are 
presented in HLA, 1 9 9 3 ~  Appendix B. ANOVA 
analyses indicate that, for several metals, 
statistically significant differences exist among 
the three datasets that represent the three 
geologic settings. These analyses confirmed the 
initial assumption that three geologic settings 
control differences in the background 
geochemistry. 

82.2.2 Phase I 1  Descriptive 
Statistics 

An initial review of Phase 11 datasets indicated 
that an additional geochemically unique subset of 
data may exist. Specifically, lead concentrations 
from the eastern flank of the San Antonio River 
basin and metals concentrations for a subset of 
samples from the eastern flank of the Nacimiento 
River basin appeared to represent unique 
conditions previously unrecognized. The range 
of background total lead concentrations at the 
OPX was higher than the range of background 
concentrations of lead at the Building 290 site 
(from the eastern flank of the San Antonio River 
basin dataset); therefore, total lead data from the 
OPX were separated from Dataset 6 and 
statistically evaluated as Dataset 7. In addition, 
Dataset 5, which represents SBJ, was initially 
composed of 14 samples. Upon evaluation of the 
Phase I1 data from SBJ, seven background 
samples were identified with metals 
concentrations that are si@ificantly higher than 
the concentrations of remaining seven samples. 
Review of geologic maps of the area indicated 
that the samples containing higher metal 
concentrations contained soil derived from the 
Monterey Formation. Samples with lower metal 

concentrations were collected from alluvium. 
The seven samples from the Monterey Formation 
were deleted from Dataset 5. Because of the 
small sample population, no threshold values 
were developed using this metals data. 

Table B3 presents background population 
statistics for Datasets 4, 5, 6, and 7: the range of 
detected values, mean, standard deviation, FOD, 
and COV. The descriptive statistics of the seven 
Monterey Formation background samples deleted 
from Dataset 5 are in Table B4. 

ANOVA analyses were used to compare lead data 
from the OPX (Dataset 7) to Datasets 3 and 6 
(Building 290 Area; Table B5), and metals data 
from the Monterey Formation samples (the seven 
soil samples removed from Dataset 5) to 
Datasets 2 and 5 (SBJ; Table B6). The two 
comparisons indicated statistically significant 
geochemical differences exist between the 
datasets, confirming the need to create Dataset 7 
for the OPX and remove the metals data for the 
seven Monterey Formation samples from 
Dataset 5. 

82.2.3 Statistical Variability within 
Phase I and Phase II Data 

The ANOVA evaluation of geochemical variation 
between Datasets 1, 2, and 3 indicated that these 
datasets were geochemicaily distinct. It was 
assumed that these variations were due to 
geologic setting. The Phase I1 evaluation 
indicated that additional geochemically distinct 
subsets of data exist besides the three datasets 
recognized during Phase I. Specifically, samples 
collected near S8J on Monterey Formation 
derived soils and samples collected from OPX, 
were geochemically distinct from Datasets 5 
and 6, respectively, with which they were 
originally grouped. 

The variations observed in these limited datasets, 
suggest that several geochemically distinct 
settings may exist in the vicinity of the sites 
investigated. Because simplifying assumptions 
were used to characterize the geologic setting, the 
datasets developed for the geologic settings may 
not adequately characterize the complex geology 
and geochemical variations. Therefore, 
background geochemical statistics for these 
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Appendix B 

datasets may not be a quantitatively rigorous 
characterization of background chemistry for all 
sites. 

82.3 Comparison of Phase I and 
Phase II Datasets 

This section describes the methods used to 
compare the Phase I and I1 datasets and evaluate 
which dataset(s) would be used as the final 
background dataset. Section 2.3.1 presents 
results of ANOVA comparison of the datasets; 
Section 2.3.2 presents results of the comparison 
of maximum values of Phase I and I1 datasets. 

Before creating the final background datasets, it 
was necessary to assess whether the Phase I 
datasets were comparable to the Phase 11 datasets. 
If one of the datasets did not accurately 
characterize background conditions, combining 
the Phase I and I1 datasets to create the final 
background dataset could skew the threshold 
values and not accurately represent background 
conditions. A discussion of the comparability 
and differences found between Phase I and 
Phase I1 datasets is presented in Section 2.3.3. 

Analytical results for Phase I and I1 data were 
compared either using ANOVA techniques or by 
evaluating the maximum values detected and 
detection limits in the Phase I and II datasets. 
The statistical methods were applied as follows: 

Datasets with FOD greater than 50 percent 
and COVs less than 1 were compared using 
ANOVA, with statistics adjusted by Cohen's 
Method for analytes with FODs between 50 
and 85 percent. As with previously 
discussed ANOVA evaluations, the criterion 
used to demonstrate a statistical difference 
was the value describing the upper 5 percent 
of the F distribution. 

Datasets with FOD less than 50 percent were 
compared using the maximum values andlor 
detection limits. Datasets were considered 
equivalent if they were of the same order of 
magnitude. 

If the Phase I dataset was found to be comparable 
to the Phase I1 dataset, the datasets were 
combined to create the final background dataset. 
If the datasets were found not to be comparable, 
review of detection limits, backgound statistics, 
and professional judgement were used to 
evaluate which dataset would be used to develop 
final background threshold values. Highly 
dissimilar datasets created special cases that 
required specific evaluation criteria. Special 
cases were created when: (1) specific metals were 
not detected in the datasets or the FOD for 
specific metals in one dataset was much greater 
than in the other dataset (2) detected values of 
metals found in only one dataset. For case (I), 
detection limits were used for comparison. For 
case (2), the size of the datasets and the 
magnitude of the detected values were reviewed 
to assess whether the maximum value or 
detection limit were used to develop the 
background threshold values. 

The Phase I datasets did not include analytical 
results for some CCR Title 22 metals; therefore, 
the Phase II dataset was used as the final 
background dataset for these metals. Datasets for 
which only Phase II data were available lncluded 
Dataset 4 data for cobalt, chromium VI, 
molybdenum, and vanadium, and Datasets 5 and 
6 data for chromium VI and molybdenum. 
Because only Phase II data existed for the Former 
PX Facllity (Dataset 7), no additional comparison 
of Phase I and II data could be performed and 
Dataset 7 was used as the final background 
dataset. 

82.3.1 ANOVA Evaluation - Phase I 
and II Datasets 

The ANOVA comparison of Phase I and Phase I1 
data (Table B7) indicated the following: 

The arsenic, barium, and zinc from 
Datasets 1 and 4 from the floor of the 
San Antonio River basin are statistically 
similar; these datasets were combined to 
form a single final background dataset for 
these metals. The Phase I chromium, copper, 
and nickel results (Dataset 1) do not appear 
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to be similar to the Phase I1 results 
(Dataset 4); only Phase I1 results were used to 
create the final background dataset for these 
metals. 

The arsenic, barium, beryllium, chromium, 
cobalt, copper, nickel, vanadium, and zinc 
Phase I and Phase I1 datasets representing the 
eastern flank of the Nacimiento River basin 
(Datasets 2 and 5) are statistically similar; 
these datasets were combined to form a 
single final background dataset for these 
metals. The Phase I (Dataset 2) lead results 
do not appear to be similar to the Phase I1 
results (Dataset 5); Phase II results were used 
to create the final background dataset for 
lead. 

The arsenic, beryllium, cobalt, copper, lead. 
and vanadium Phase I and Phase I1 datasets 
representing the eastern flank of the 
San Antonio River basin (Datasets 3 and 6) 
were combined to form a single background 
dataset for these metals. The Phase I 
(Dataset 3) barium, cadmium, chromium, 
nickel, and zinc results do not appear to be 
similar to the Phase I1 results (Dataset 6). 
The Phase I1 data were used to create the 
final background dataset for barium, 
cadmium, chromium, nickel, and zinc. 

82.3.2 Maximum Value Evaluation - 
Phase I and II Datasets 

Results of the maximum value evaluation are as 
follows: 

The antimony, mercury, selenium, and silver 
Phase I and Phase 11 datasets representing the 
floor of the San Antonio River basin 
(Dataset 1 and 4) display values that fall 
within the same order of magnitude; these 
datasets were combined to form the final 
background datasets. The Phase 11 beryllium, 
cadmium, and lead results displayed FODs 
greater than the Phase I data; Phase I1 results 
were used to create the final background 
datasets. The Phase I thallium detection 
limits were approximately an order of 
magnitude greater than the Phase I1 
maximum concentration value; the Phase I1 
results were used to create the final 

background dataset. 

Antimony, cadmium, mercury, silver, and 
thallium concentrations in the Phase I and 
Phase 11 datasets for the eastern flank of 
Nacimiento River basin (Datasets 2 and 5) 
differ from each other by less than an order 
of magnitude; these datasets were combined 
to form the final background datasets. Silver 
was detected in only the Phase I dataset. 
Because the Phase I dataset is larger and 
because the detected value is only slightly 
greater than an order of magnitude above the 
Phase 11 detection limits, the Phase I and 
Phase I1 results for silver were combined to 
create the final dataset. 

The antimony, mercury, selenium, and 
thallium Phase I and Phase U datasets 
representing the eastern flank of the 
San Antonio River basin (Datasets 3 and 6) 
contain metal concentrations within an order 
of magnitude of each other; these datasets 
were combined to form the final background 
datasets for these metals. Silver was detected 
only in the Phase I dataset. Because the 
Phase I dataset is larger and because the 
detected value is only slightly greater than an 
order of magnitude above the Phase I1 
detection limits, the Phase I and Phase I1 
results for silver were combined to create the 
final dataset. 

82.3.3 Comparability of Phase I 
and II Datasets 

Results for several analytes in Phase I and I1 
datasets from the saiae geologic setting were 
shown to not be comparable; therefore, these 
results were not combined in the final datasets. 
Differences in the Phase I and Phase I1 datasets 
are discussed below. 

Datasets with large differences in FOD due to 
detection limits andlor dataset size were not 
combined, and the datasets with the highest FOD 
and lowest detection limits were used as the final 
background dataset. Use of datasets with high 
FOD and low detection limits more accurately 
represents low-concentration detected values. In 
addition, for datasets with nondetect data that 
have different detection limits, the lowest 
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detection limit was used in the final dataset. 
This method for selecting the final background 
dataset will conservatively estimate background 
threshold values. 

Significant differences in Phase I and U results 
for some analytes were not due to differences in 
FOD or detection limits, but reflected 
geochemical differences between the Phase I and 
Phase I1 samples. Possible explanations for these 
differences, found during the ANOVA evaluation, 
are presented below. 

Significant differences in chromium, copper. 
and nickel results from Datasets 1 and 4 from 
the floor of the San Antonio River basin 
could be due to the fact that Phase I and 
Phase I1 sampling locations were not 
equivalent. Phase I background samples 
were collected from boring at two sites, the 
Abandoned Fire Drill Bum Pit and the 
Existing Fire Drill Bum Pit. Phase II data 
were primarily surface soil samples collected 
at four sites; the Existing Fire Drill Burn Pit, 
Abandoned Fire Drill Bum Pit, Building 
EXP 52/57, and the Ammunition Crate Burn 
Area and samples from one boring at ABP. 
The mean and maximum values for the 
metals in the Phase I dataset were greater 
than the mean and maximum values in the 
Phase I1 dataset. Because the Phase U data 
were used to calculate background, calculated 
threshold values will more conservatively 
estimate background. 

Lead results from Datasets 2 and 5 from the 
eastern flank of the Nacimiento River basin 
were found to be statistically different, 
possibly due to the fact that Phase I and II 
sampling depths were not equivalent. 
Phase I1 data were collected from one soil 
boring and two surface sampling locations. 
and Phase I data were generally collected 
from borings at depths greater than 2 feet. 
The mean and maximum values for lead were 
greater in the Phase I dataset than in the 
Phase I1 dataset. Because the Phase U data 
were used to calculate background, threshold 
values present a more conservative estimate 
of background. 

Barium, cadmium, chromium, nickel, and 
zinc results from Datasets 3 and 6 from the 
eastern flank of the San Antonio River basin 
were found to be statistically different. In 
addition, except for barium, the mean and 
the maximum values were greater in the 
Phase II dataset, suggesting that the Phase II 
dataset is a less conservative estimate of 
background chemical values. However, in 
developing the Phase I dataset' for this 
geologic setting, several sample results were 
removed from Dataset 3 due to high 
concentrations of barium, chromium, and 
nickel that appeared to be outliers, 
potentially representing anthropogenic 
contamination. Upon further review, these 
results may represent actual background 
concentrations for this geologic setting. 

In general, if Phase I and II datasets were not 
found to be comparable, the Phase II datasets 
were used to create the final background dataset. 
Although the Phase II datasets were not always 
the most conservative representation of 
background chemistry, HLA believes that these 
data are probably more representative than the 
Phase I data. This is because the Phase I 
datasets were created using previously collected 
samples not specifically intended for background 
analysis where the Phase- 11 data were collected 
from areas that appeared to be unaffected by 
anthropogenic activities. 

83.0 BACKGROUND THRESHOLD 
VALUES 

Background threshold values were estimated 
using either the tolerance interval estimation 
technique or the maximum value estimation 
technique. The tolerance interval estimation 
equation is as follows: 

where: 

TL =Tolerance limit or background threshold 
concentration 
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- 
x = Sample mean (modified by Cohen's 

Method for FOD greater than 50 and less 
than 85 percent) 

K = Tolerance factor for one-sided normal 
tolerance interval with probability level 
(confidence level) of 95 percent and 
coverage of 95 percent (EPA, 1989) 

s = Sample standard deviation (modified by 
Cohen's Method for FOD greater than 50 
and less than 85 percent). 

The maximum value estimation technique is 
used for analytes with an FOD of less than 
50 percent. Threshold values are the maximum 
values observed in the final background dataset. 
When an analyte was not detected in the final 
background dataset, the lowest detection limit 
was used to estimate the background threshold 
value. 

Section 3.1 presents the estimation of background 
threshold values from the Final Background 
Datasets. Section 3.2 presents a discussion of the 
usability of these values. 

83.1 Estimation of Background 
Threshold Values 

The Phase I and Phase I1 tolerance interval 
estmated threshold values are presented in 
Table BE. The Phase I and Phase I1 maximum 
value estimated threshold values are presented in 
Table B9. Table B10 presents the statistics for 
the final background dataset. Table B11 
describes the background threshold values for the 
three geologic settings and the Former PX 
Facility. 

The arsenic, barium, beryllium, chromium, 
cobalt, copper, lead, nickel, vanadium, and zinc 
final background datasets met the FOD and COV 
criteria for tolerance interval threshold estimation 
techniques (e.g., COV less than 1, FOD greater 
than 50 percent). The maximum value threshold 
estimation technique was used for development 
of final background threshold values for 
antimony, chromium VI, mercury, selenium, 
silver, and thallium. 

the San Antonio River basin (Dataset 4) required 
adjustment using Cohen's Method before 
tolerance intervals were calculated. The final 
molybdenum background threshold values 
representing the eastern flank of Nacimiento 
River basin and the eastern flank of the San 
Antonio River basin were estimated using the 
maximum value threshold estimation technique. 

The cadmium final background threshold values 
representing the eastern flank of the San Antonio 
River basin and San Antonio River basin were 
estimated using the tolerance interval method. 
Cohen's Method could not be conducted on the 
cadmium statistics representing the floor of the 
San Antonio River basin (Dataset 4) due to the 
exceedance of the auxiliary estimation function 
(Cohen, 1961); the cadrmum tolerance interval 
threshald was estimated using the unadjusted 
final background dataset statistics. 

83.2 Usability of Background 
Threshold Values 

Threshold values are compared to site 
investigation sample results to evaluate which 
areas of the site may have been impacted by site- 
related activities. However, not all background 
exceedances represent contamination related to 
site usage. Assuming a backgound population 
without significant spatial variability, the TI 
approach used for calculating threshold 
background values predicts a statistical interval 
within which a specific percentage of the 
background population will occur. Using this 
method, some naturally occurring concenbations 
should be expected to exceed background 
threshold values. Naturally occurring 
concentrations of some metals may also exceed 
threshold values estimated from the maximum 
value detected. 

When comparing background threshold values to 
site-investigation sample results, the number of 
background threshold exceedances, the 
magnitude of the exceedances, the spatial 
distribution of samples exceeding background, 
and the association of exceedances with detected 
concentrations of organic compounds, should be 
considered to evaluate if the geochemistry has 
been affected by site related activities. 

Molybdenum statistics representing the floor of 
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CONCLUSIONS 

The purpose of the background study was to 
distinguish naturally occurring metals in soil 
from those related to site usage. During Phase I, 
existing soil chemistry data was evaluated, and 
three geochemically distinct datasets, related to 
geologic setting, were identified. During Phase 11, 
additional samples were collected to supplement 
the Phase I data. Review and statistical 
evaluation of these data indicated that additional 
geochemical variation existed within the datasets, 
and that the original simplifying assumptions 
used to group these datasets might be inadequate 
for the complex geology. 

Phase I datasets were compared to Phase I1 
datasets and, where comparable, were combined 
to create the final background datasets. When 
the datasets were not comparable, professional 
judgement was used to assess which dataset@) 
were most representative of background. 
Background Threshold Values were estimated 
from the final background datasets. 

Because significant geochemical variability was 
identified during the investigation, and it is 
unclear if the background datasets presented in 
this report adequately characterize this 
variability, the background threshold values 
should be used more qualitatively than 
quantitatively. When evaluating whether a site 
has soil contaminated with metals, the following 
criteria should be used in conjunction with 
background threshold values: the number of 
background threshold exceedances, the 
magnitude of the background exceedances, the 
spatial distribution of the samples exceedmg 
background, the association of background 
exceedances and detected organic compounds, 
and site usage. 
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Table B1. Phase I1 Background Soil Sampling Program 
Background Soil Chemistry Evaluation 

Fort Hunter Uggett, Callfornla 

Geologic SettingsISite Surface Samples Soil Boring Samples 

Floor of San Antonio 
River Basin 

Abandoned Fire Drill Burn Pit 
Existing Fire Drill Burn Pit 
Building Exp 52/57 
Ammunition Crate Burn Area 

Eastern Flank of the 
Nacimiento River Basin 

Site 8J 

Eastern Hank of the 
San Antonio River Basin 

Building 290 Area 
Former PX Facility 

Final 
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March 24. 1995 

20 samples from 
depths of 0.5 

to 1 foot 
(5 surface samples 

collected 
in the vicinity of 

each of the four sites) 

10 samples from 
depths of 0.5 

to 1 foot 

I 0 samples from depths 
of 0.5 to 1 foot in 
the Building 290 

Area and 12 surface 
samples analyzed for lead 

only in the area of the 
Former PX Facility 

Harding Lawson Aasodates 

4 soil samples from a 
10-foot boring at depths 

of 2, 5, 7, and 10 feet 
in the vicinity of the 
Abandoned Fire Drill 

Bum Pit 

5 soil samples from a 
50-foot boring at depths 

of 2, 5, 7, 10, 
and 15 feet 

5 soil samples from a 
70-foot boring at depths 

of 2, 5, 7, 10, and 15 
feet in the vicinity of 

Building 290 Area 
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Tabla 81. Analytical Results for Inorganic Co-und. Dat-ct-d in soil sq1.a 
Phaaa I1 Background Soil s w l .  Reeulta 
Port Runter Liggett, California 

Station Numbart ABP-SB-010 
9-1. D.pth(f.st) r 5.50 
S m p l e  Numb.rn 9319LABPO33P 
Matrix8 SOIL 
S a q l e  Dater 07120193 
Lab saupl. W e r t  0706360008sA 

ABP-SB-010 
8.50 
9319LABP035P 
SOIL 
07110193 
0706360010SA 

BOIL 
07110/93 
07063600098A 

SOIL 
07/10/93 
07063600118A 

valua qual valua qua1 

COLD VAPOR M 
Hmrcury 

FUM-BPA7060 
Araanic 

PUM-BPAld11 
Lead 

FUM-EPA7740 
s.l.nium 

PUM-EPA7841 
Thallium 

NBTALS BY ICP 
Barium 
B.ryllium 
Calcium 
Cobalt 
Copper 
Iron 
Hagnaaium 
Nickal 
Potasaium 
silver 
soaium 
Vanadium 
Zinc 
Holybdanum 
Chromium 
Cadmlum 

BPA-9045 
PR 

61.7 A 
0.33 AIB 
1560 A 
4.9 Ale 
5.9 A 

13800 A 
3050 A 
14.9 A 
1330 A 

ND(0.44) AIU 
319 AIB 

17 .0  1 

- 

Notea t unit. oxprasmad as milligrams ( w )  of chsmlcal per kilopram (kg) of .oil 

NAI Not Analyzed. 
N D O I  ~ o t  Detected at a apacitic detection limit. Limlt of datoctlon i. includad in par ant ham.^. 





Tabla 82. Analytical Rsaults tor Inorganic Communda Datacted in soil sanrpla. 
Phama I1 Background Soil Sampla Ramulta 
Fort Buntsr Liaaett, California 

station Humberr 
sanprla Depthlfaat)~ 
Sanrple W a r t  
Matrix t 
sample n a t e ~  
Lab S m l a  Number8 

ABP-99-002 
0.25 
9319AABP010P 
SOIL 
07/20/93 
0706360011SA 

mP-89-005 
0.15 
9319AABP013P 
SOIL 
07110193 
0706360015SA 

9329MBP012P 
SOIL 
01/20/93 

SOIL 
01/10193 
07063600138A 

value qua1 value qual valua qua1 unit. valua qual 

:OLD VAPOR M 
nsrcury 

PUM-KPAl060 
hraanic 

PUM-KPA7421 
Lead 

PUM-BPA7740 
selenium 

PUM-KPAl841 
Thallium 

HBTALS BY ICP 
Barium 
B.ryllium 
Calcium 
Cobalt 
Copper 
Iron 
Hagnemium 
Nickel 
Potassium 
Silver 
sodium 
Vanadium 
Zinc 
Holybdsnwn 
Chromium 
cadmium 

KPh-90d5 
pH 

ND(1.6) AUllB 

4.4 AIN* 

ND(0.59) AID 

ND(0.511 AIIXI 

69.8 A 
0.18 AIB 
1310 A 
3.8 AlB 
5.9 A 

9190 A 
2300 A 

8 AIB 
1190 A 

ND(0.36) AIU 
ND(69.4) AUllB 

10.4 A 
32.2 A 

ND(O.83) AID 
12.1 A 

ND(O.99) AIU 

Notaal Units expr.saad as milligrams (mg) of chemical par kilogram (kg1 of soil. 

NAt Not M~1Yz.d. 
ND()s Not Detected at s apscific detection limlt. Limit of detection i. included in parenthamem. 
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Table 81. Analytical Reaultm for Inoruadc Compound. Detectad in Soil Samp1.e 
Phase I1 Background Soil Sample Ramultm 
Port Hunter Liggett, CaliEornia 

Station Numb.rl AHO-99-001 
Sampl. Depth(t*stl~ 0.35 
Sample Numbart 933OOAMOOOlP 
Hatrixt SOIL 
Sample Datss 07/16/93 
Lab sample Number# 0707750001sA 

93300hnOOOlP 
SOIL 
07/16/93 
0707750001SA 

93300~0003P 
BOIL 
07/76/93 

93300AH0004P 
BOIL 
07/16/93 

POM-EPA7041 
Antimony 

Units value qua1 value qua1 value qua1 value qua1 

w / k p  ND(0.3lA/U ND(0.31 A/O ND(0.31 A/O ND(0.31 A/O 

Notes, onits expraseed as milligrams ( w l  of chemical par kilogram (kg1 oC *oil. 

NAI Not Analyrad. 
ND(]I Not Datectad at a apecifla detection limit. Limit of detection is included in parantheaaa. 



Table 81. hnalyticnl Rs.ult. for Inorganic Compounds Uet.ct.d in soil 8-1.. 
Phaae I1 Background Soil s-la iieaulta 
Port Hunter Lfggett, CaliLotnia 

Station Numberr AMO-99-008 
S m p l a  Depth(f0at)t 0.45 
s-1. Number, 93300AMoOO5P 
Matrix8 SOIL 
S m p l *  Date8 07/26/93 
Lab Smrpla Munbern 0707750005SA 

EBP-ss-023 EBP-ss-014 SBP-as-075 
0.10 0.10 0.10 
9331LXBP117P 9331LBBP118P 9331LBBP119P 
SOIL SOIL SOIL 
08/01/93 08/02/93 08/01/93 
0708610008SA 0708610009SA 0708610010SA 

value qua1 value qua1 

COLD VAPOR M 
Hercury 

PUM-SPA7060 
Araenic 

PUM-SPA7421 
Lead 

PUM-SPA7740 
gal-nium 

PUM-KPA7841 
Thallium 

MKTALS BY ICP 
Barium 
B.ryllium 
Calcium 
Cobalt 
Copper 
Iron 
Hame.ium 
Nickel 
Potassium 
Silver 
sodium 
Vanadium 
zinc 
Molybdenum 
Chromium 
Cadmium 

KPA-9045 
pH 

'83.1 A 
0.14 AIB 
1190 AIS 

ND(5.3) AUl/B 
ND(6.1) AUl 

9150 A 
1900 A 
e.9 A 

1930 A 
ND(0.36) AIU 

47.9 AIB 
17.8 A 
34.6 A 
1.8 AIB 

90.8 A 
0.3 A18 

1730 A 
4.5 AIB 
9.5 A 
NA 

1380 A 
' 13.7 A 

1590 A 
ND(0.36) A/U 

35.6 A/B 
17.1 A 
54.4 A 

ND(1.l) AOl/B 
13.9 A 
4.9 A 

81.5 A 
0.19 AIB 
6970 A 
4.1 AtB 
9.1 A 

N?. 
1900 A 
10.5 A 
1990 A 

ND(0.37) A/U 
51.9 AIB 
18.8 A 
46.3 A 

ND(1.7) AUllB 
10.7 A 
1.3 A 

114 A 
0.35 AIB 
7680 A 
5.7 A/B 
11.5 A 

N?. 
3680 A 
27.9 A 
3580 A 

ND(0.43) A/U 
81.4 A/B 
38.9 A 
67.1 A 

ND(1) A0118 
28.8 A 
3.2 A 

Noteel Units axprea~ed aa mllligrama (ma1 of chemical par kilogram (kg) of aoll. 

NAI Not Analyzed. 
W ( ) I  ~ o t  Detected at a apacific detection limit. Limit of detection 1. included in parenthaaas. 







Tabla B2. Analytical Raeult. for Inorganic Compounds Detected in soil smqlsa 
Pha.a XI Background soil S w l .  Raaulta 
Port Hunter Liggott, California 

Station ihlmbert BBP-SB-026 
Baa@l. D.pthfC..tIt 0.10 
s w 1 .  Numb.r, 9331LIIBP13OP 
Matrix8 SOIL 
Sruqpl. D a b 1  08/02/93 
Lab S-1. Numb.rl 0708610011sA 

XBP-ss-027 
0.10 
9331LIIBP131P 
SOIL 
o(1101193 
0708610012SA 

SOIL 
07/19/93 
0706380002SA 

Unit. value qua1 value qua1 valu. qua1 valua *a1 

mglkg NDf0.31) Aim 0.31 AIB 0.5 A / m  ND(O.31 AlWD 

 not.^, onit. .xpr.m..d am milligrams (ng) of chemical per kilogram (kg1 of moil. 

NAr Not Ma1yZ.d. 
No08 Not Detected at n mp.cific detection limit. Limit of detection in included in parenthasas. 



T a b l a  B2. A n a l y t i c a l  R u u l t .  f o r  I n o r g a n i c  Compound* D e t e c t e d  I n  S o i l  s q 1 . n  
P h a ~ e  I1 Baakaround soil Sanp le  Raau l t a  
P o r t  Nuntar L i a a a t t ,  C a l i f o r n i e  

S t a t i o n  W a r t  BXP-SS-003 
3-1. D.pth(f..t)~ 0.15 
s q l .  W.r*  9329MXP003P 
Mat r ix t  SOIL 
sllmpl. Dat.t 07/19/93 
Lah Bampl. W a r ,  0706380003sA 

BXP-33-004 BXP-89-005 
0 .25  0.25 
9329AXXPOO4P 9329MXPO05P 
SOIL SOIL 
07/19/93 07/19/93 
0706380004SA 07063800059A 

OPX-ss-001 
0 .35  
9329AOPX007F 
SOIL 
07/19/93 
0706345001SA 

Unit. 

w l k a  

w l k a  

w l k a  

w / k a  

w l k a  

w l k a  
w l k a  
w f k a  
w l k o  
w l k a  
w l k a  
w l k a  
w l k a  
w l k a  
w l k a  
w l k a  
w l k a  
w l k a  
w l k a  
w l k a  
w l k a  

PR 

:OW1 VAPOR M 
Y e r f u r y  

'UM-XPA7060 
Ar..nIo 

'OM-SPA7421 
L..d 

'UM-bPA7740 
S.l.nium 

2.7 AIN 

'OM-SPA7841 
Tha l l ium 

[ B T U B  BY I C P  
77.3 Alll 

ND(0.32) AUllB 
1470 AlB 

4.4 A/B 
ND(5.8) A V 1  

7680 A 
1490 A 

6 .6  AIB 
1480 A 

ND(0.37) A/U 
ND(8.6) A10 

16.2 A 
2 5 . 4  A 

Barium 
B.ryllium 
c.1ciUm 
Coba l t  
coppar  
I r o n  
H.go.*ium 
Ni~k.1 
P a t u m i u m  
si1v.r 
Scdium 
vur.di"m 
z l n c  
uo1yM.num 
Chromium 
C.dmium 

PA-'9045 

921  A/XB 
3.7 AIB 

m 1 a . a )  AUWB 
6410 A 
1100 A 

5.3 AIB 
974 A/B 

ND(0.36) A/U 
ND(8.5) A/O 

15.8 A 
1 6 . 1  A 

ND(0.94) A0118 
11.6 A 
1.1 A 

Not.* t U n i t .  .rpr...ed a. m i l l i g r a m s  (w) of chemical  p e r  k i logram (kg)  of  a o i l .  

NAt Not NIa1yz.d. 
N D ( ) ~  ~ o t  ~ot.ct.d a t  a. . p a c i f i c  d s t o c t i o n  l i m i t .  L imi t  of d e t e c t i o n  i. i n c l u d e d  i n  pa ron thosea .  
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A n a l y t i c a l  R e a u l t a  t o r  I n o r g a n i o  Compound. D e t e c t a d  i n  s o i l  S-lea 
Pham. I1 Background S o i l  Sornpls R s s u l t a  
P o r t  Hunter  L i g g a t t ,  C m l i t o r n i a  

985-59-026 98.7-SS-011 885-59-018 
0 .00 0.00 0.00 
9331AS85054P 9331AS85055P 9331AS85056P 
SOIL SOIL SOIL 
08104193 08/04/93 08104193 
0109310001SA 0709310001SA 0709310003SA 

9331AS85053P 
SOIL 
08/04/93 
0101740010Sh 

uni t .  

W l k 9  

W I k 9  

W l k 9  

W l k 9  

w / k q  

w 7 k 9  
W l k 9  
W l k 9  
w l k n  
w l k g  
w l k n  
w l k g  
W l k 9  
w l k g  
W l k 9  
w l k g  
w / k g  
w l k g  
w / k 9  
w 1 k 9  
w l k g  

pH 

v a l u s  ~ ~ 1 . 1  v a l u s  quail v a l u e  qua1 

W VAPOR M 
n.rcuIY 
M-BPAl060 
Arsenic 
M-IIPA74ll 
L.nd 
M-IIPAl740 
s.l.nium 
M-IPA7841 
Th.lllum 
TALS a r  ICP 
Barium 
B.rylllum 
C l l ~ l u m  
Coba l t  
c0pp.r 
I r o n  
n.'.n..ium 
Ni~k .1  
P0t...ium 
si1v.r 
Soalum 
V.nadIum 
z i n c  
Wolybd.num 
Chromium 
c.+um 
&-PO45 
V H  

1 . 7  AIB 14.4  AIS 

196 A 
1.1 A 

106000 A 
1 . 5  A/B 

55.9 AIR 
17900 A 

6180 A 
118 A 

5110 A 
0.7 AIB 
1 6 1  AIB 
110 A 
119  A 

16 .7  A 
119 A 
1.4 A 

H A S  Not Ana1yz.d. 
ND()s Not D e t e c t e d  a t  n . p a d t i c  d a t a c e i o n  l i m i t .  L i d t  ot d e t e c t i o n  is  i n c l u d e d  i n  p a r e n t h e s e s .  
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At 23-1. ha. und.rgon. routine data vdidation. 

Jli An.lytic.1 r-nultn for Chi. compound as. qualified am ..timated due to noncomplicsinca with inatrumant 
p o r t o ~ c .  crit.ria. 

Jli Analytical r..ult. for thio compound are qualified an eatlmatad due to laboratory matrix 
duplicat. quality control criteria axc.adancaa. 

J33 Analytical remalt. for thi. compound are qualified aa emtimatad duo to poor apika rocovarisa. 

J4t Analytical rwult. for thi. compound are qualified a a  entimatad due to ICP-aerial dilution 
=dative parcant ditf.r.nc. quality control mitoria excaedancaa. 

J58 Analytical ranult. for thim compound ar*  qualified aa .#timated due to holding time excaedancaa 

56s Analyticd r-ault. for thim compound are qualified aa eatimatod due to fisld duplicat* 
quality control critari. .xcs.danca.. 

5 7 1  Analytical remultm for thi. compound ar. qualified as .stimnt.d due to initial andlor 
continuing calibration problarm. 

591 Analytical r..ult. for thi* compound are qualified as antimatad due to noncompliance with ICP Intarfsranca 
cheek '.-la critaria. 

J . 8  Andytical r..ult. for thi, compound are qualified aa estimated due to mimx.llanoous lab arrora. 

R1n Analytical r..ult. for thia compound are qualified am rej-ctad due to holding time sxc.adnnc.a. 

Rle Analytical r.mult. for thia compound are qua1ifi.d am rejected due to poor .pika rscovarios, 

R71 Analytical rasults for this compound ara qua1ifi.d a. rajected due to initial andlor 
continuing calibration problem.. 

R9t Analytisal r.mult. for this compound are qualifiad aa rajaatod due to noncompliance with ICP intsrfarsnca check 
*-la criteria. 

Uln Compound i a  qua1ifi.d a8 non-dotactad due to it. occurrence in tho laboratory blank.. 

0 1 ,  Compound i1 qua1ifi.d a* non-detected du* to ita occurrence in the fisld blanka. 

Vt B m ~ l .  ha. und-rgon. d.tai1.d data validation. 

1 
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H I  hlplicat. inj.etion pr.ci.ion not met. 

HI spiked mq1. racovary not within control limit.. 

R E  Reporting limit rd*.d du. to high lsval of analyt. present in a q l s .  

st  The r-ported valu. was datarmined by the Uathod of Standard Additions (USA). 

0 8  C-und wa. ana1yr.d Lor but not detected. 

W I  Pont-dig..tion apik. for turnaco M analymis im outeid. of control limit.. 

.I Duplicat. ana1y.i. not xithin control limit.. 

+ t  Corrdation co.fticl.nt tor tho USA ia laas than 0.995. 

8 1  R.cov.ry out.ida PC Limit.. 



Table 83. Phase II Bhrnground Population Statistics 
Background Soil Chemistry Evaluation 

Fort Hunter Liggett, California 

Dataset 4 Dataset 5 Dataset 6 

Range of Range of Range of 
Detected Standard Detected Standard Detected Standard 
Values Mean Deviation FOD Valucs Mean Deviation FOD Values Mean Deviation FOD 

Metal n (mg/kg) (mgkg) (mg/kg) (40) COV n (mg/kg) ( @ k g )  (mglkg) (90) COV n (mg/kg) (mgkg) (mg/kg) (40) COV 

Antimony 24 0.31 - 0.50 111 111 33 ( 1 )  7 0.33 111 111 14 111 15 ND 111 [ I ]  0 [ I ]  

Barium 24 49.7 - 145 81.8 24.5 100 0.30 7 32.6 - 135 82 37 100 0.45 15 48 - 138 84.3 25.6 100 0.30 

Beryllium 24 0.21 - 0.53 0.29 0.11 100 0.38 7 0.23 - 1.0 0.65 0.27 100 0.42 I5 0.72 - 0.95 0.37 0.29 100 0.78 

7 111 111 14 111 Cadmium 24 1.1 - 7.3 2.02 121 1.69 [2] 83 0.83 1.7 15 1.2-5.4 1.95 1.02 i00 0.52 

Chromium 24 7.6 - 34.0 15.9 7.4 100 0.47 7 6.0-48.2 23.3 16.4 100 0.70 15 6.3-33.7 14.1 7.1 100 0.50 

Chromium VI 24 ND (0.99-1.2) [ I ]  111 0 111 7 ND(O.ll-2.8) [ I ]  111 0 111 15 ND(O.l-2.0) 111 111 0 111 

Cobalt 24 1.9- 8.5 4.14 1.59 100 0.38 7 1.6-15.7 6.08 5.92 86 0.97 15 2.7-6.4 4.25 1.30 100 0.31 

Lead 24 2.2 - 8.5 3.06 1.32 100 0.43 7 3.6 - 9.2 5.07 1.92 100 0.38 15 3 - 13.2 6.72 3.11 100 0.46 

Mercury 24 ND (0.05-0.07) [I]  111 0 111 7 0.13 -0.47 [I]  111 43 111 15 ND (0.05-0.07) [ I ]  111 0 111 

Molybdenum 24 1.0 - 1.8 1.57 131 0.75 131 72 0.48 7 ND (0.43-0.60) 111 [I] 0 111 15 ND(0.83-2.7) [I]  111 0 111 

Nickel 24 5.3 - 32 11.6 8.41 92 0.72 7 25.7 - 39.5 18.7 15.6 86 0.83 15 7.1 - 34 13.6 6.3 100 0.46 

Selenium 24 ND (0.58-0.71) [I] 111 0, 111 7 ND (0.39-0.82) [I]  [I]  0 111 15 ND (0.58-0.78) 111 111 0 111 

Silver 24 ND (0.36-0.44) [I]  111 0 111 7 ND (0.37-0.51) [I]  111 0 111 15 ND (0.36-0.48) [ I ]  111 0 111 

lhallium 24 0.55 (11 111 4 [I]  7 ND (0.31-0.70) [I] [I]  ' 0 0% 15 ND (0.50-0.67) [I]  [I]  0 111 

Vanadium 24 10.6 - 50.2 23.4 10.8 100 0.46 7 8.2 - 89.0 38.6 28.8 100 0.75 I5 14.4 -47.8 25.6 10.6 100 0.41 





Table 84. Site 8J Monterey Formation Derived Soil Statistics 
Background Soil Chemistry Evaluation 

Fort Hunter Liggett, California 

Site 8J Monterey Formation Derived Shallow Soil 

Range of 
Detected Standard 
Values Mean Deviation 

Metal n (mu%) ( m a g )  (mg/kg) FOD cov 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Chromium VI 

Cobalt 

c o w  

Lead 

Mercury 

Molybdenum 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

[l] Statistics not calculated due to low frequency of detected values. 

COV = Coefficient of variation. 
FOD = Frequency of detection. 
n = Number of samples. 
ND (2.0-5.1) = Analyte not detected at detection limit described in parentheses. 



Table 85. Analysis of Variance Comparison of Former PX Facility 
and Building 290 Area Phase I and Phase 11 Lead Datasets 

Background Soil Chemistry Evaluation 
Fort Hunter Liggett, California 

Lead 

Phase I, Dataset 3 (Buld'ig 290 Area) n= 67 
Phase D. Dataset 6 (Building 290 Area) n= 15 
Phase D, Dataset 7 (Former PX Facility Area) n= 12 

Calculated F= 15.0' 
F 0.05 12.941 3.1 

F 0.05 [2,94] 3.1 
Phase 11, Dataset 6 (Building 290 Area) n= 15 
Phase D, Dataset 7 (Former PX Facility Area) n= 12 

Calculated F= 4.69' 
F 0.05 11,271 4.21 

n =Number of samples in dataset 
F = Ratio of variances within each of the background datasets to the variance between the background datasets 

Value is unnpared to theoretical (tabulated) value determined by the degrees of freedom. 
=Calculated F value greater than tabulated F value indicates significant 

(probability greater than 0.95) added variance due to geologic setting. 



Table B6. Analysis of Variance Comparison of Soils Derived from the Monterey Formation 
and Site 8J Phase I and II Datasets 

Background Soil Chemistry Evaluation 
Fort Hunter Liggett, California 

Arsenic Barium Beryllium Calcium Chromium Cobalt Copper Iron Lead Magnesium Nickel Potassium Sodium Vanadium Zinc 

Phase I. Dataset 2 n= 57 82 57 57 82 57 82 57 57 57 82 .. 57 57 

Phase 11. Dataset 5 n= 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

Phase II. Monterey Soils n= 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

Calculated F= 1.71 84.81 0.12 141' 160' 0.68 67. 0.5 3.8' 9.99' 287' .. 6.5. 76.9' 

FO.05 [1,71] 3.1 .. 3.1 3.1 .. 3.1 -- 3.1 3.1 3.1 .. .. 3.1 3.1 

F0.05 [2,96] -- 3.14 .. .. 3.14 -- 3.14 -- .. .. 3.14 3.14 .. .. 

Phase 11. Dataset 5 n= 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

Phase 11. Monterey Soils n= 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

Calculated F= 42.9  14.9. 3.33 29.9. 104' 0.24 44' 0.21 1.41 1.42 14.1. 0.72 9.27. 28' 

F0.05 [1,141 3.74 3.74 3.74 3.74 3.74 3.74 3.74 3.74 3.74 3.74 3.74 3.74 3.74 3.74 

o = Number of samples in dataset 
F = Ratio of variances within each of the background dataseu to the variance between the background datasea. Value is compared to thearetical (tabulated) value determined 

by the degrees of Ireedom. 
* = Calculated F value greater than tabulated F value indicates significant (probability greater than 0.95) added variance due to geologic setting. 

arch 24. 1995seflable 06 



Table B7. Analysis of Variance Comparison of Phase I and Phase ii Datasets 
Background Soil Chemistry Evaluation 

Fort Hunter Liggett, California 

~ ~ ~ ~ ~ ~ 

Arsenic Barium Beryllium Cadmium Chromium Coball Copper Lead Nickel Vanadium Zinc 

Phase I. Dalasel 1 n= 

Phase D. Data?[ 4 n= 

Cdrulatrd F= 

FO.05 11,271 
F 0.05 [1.311] 
F0.05 11,411 

Phase I. Dataset 2 F 

l%a~e U, Datasel5 n= 
Cdrulntrd F= 

F 0.05 11.641 
FO.05 [1.891 

Phase I. Dataset 3 n= 
Phase U. M a s e l 6  n= 

Cslrulntrd P= 
F 0.05 [I.&?] 
F 0.05 11.951 

n = Number of samples in dataset 
F = Ratio of variances wilhin each of lhe backgrwnd dalasets lo lhe variance between lhe backgmund damels. Value is compared to lheoretical (tabulated) value delemined 

by lhe degrees of freedam. 
* =Calculated F value greater lhm tabulated Fvalue indicates significant (pmbabilily greater lhan 0.95) added variance due lo dataset phase. 
--  = F satistic muld nM be calculated due lo frequency of demtion in damsel less lhan 85 perceot. 



Table 88. Comparison of Phase I and Phase II Tolerance Intt-. #at Estimated Background Population Threshold Values 
Background Soil Chemistry Evaluation 

Fort Hunter Liggett, California 

Phase 1 [ I] Phase 11 Phase 1 [I]  Phase 1 [ 11 Phascl [ I ]  Phase 11 
Dataset 1 Datasct 4 Dataset 2 Dataset 5 Dataset 3 Dataset 6 

Threshold [2] Threshold [2] Threshold [2] Threshold 121 Threshold [2] Threshold 121 
(mg/kg) (me/%) (mg/kg) ( m & 9  (mgkg) (mpntg) 

Barium , 179.03 148 [3] 149.47 149 [31 107.35 150 

Beryllium 

Cadmium 

Chromium 71.07 33 

Cobalt N A 7.81 

copper 

Lead 

Nickel 70 31.02 57.31 56.4 [3] 15.93 29.8 

Vanadium 141 48.34 103.82 102 [3] 

Zinc 108.59 87.1 [3] 93.55 93.7 131 

[I]  Phase I threshold values estimated in HLA. 1993. 
121 Background threshold calculated using tolerance interval calculation and confidence limit of 95 percent 
131 Phase Il dataset combined with Phase I dataset. 
[4] Threshold could not be determined due to low frequency of detected values. 
[5] Statistics adjusted using Cohen's method. 
NA =Not analyzed. 



Table B9. Comparison of Phase I and Phase II Maxlmul.. Value Estimated Background Populatlon Threshold Values 
Background Soll Chemlstty Evaluation 

Fort Hunter Liggett, California 

Phase 1 Phase ll Phase l Phase U 
Damsel 1 Da1axt4 Dabset2 Daaset 5 

Antimony ND 0 0.3 0.50 33 0.30 - 0.36 ND 0 0.13 0.33 16 0.31 - 0.42 

Beryllium 0.6 33 0.5 0.53 1W 0.12-0.46 

Cadmium ' 4 33 3 7.3 83 0.99 - 1.20 

Chromium VI N A NA NA ND 0 0.1 -5.2 N A NA NA ND 0 0.11 -2.8 

Lead 1 33 I 8.5 100 0.20 .2.3 

Mercury 0.08 76 0.02 ND 0 0.05 - 0.07 

Molybdenum N A NA NA 1.8 72 0.82 - 3.10 N A NA NA ND 0 0.43 - 0.60 

Selenium ND 0 0.3 ND 0 0.58 - 0.71 

Silver 1.2 1W 0.1 ND 0 0.36 -0.44 

Thallium ND 0 3 0.55 4 0.52 - 0.64 ND 0 2.5 ND 0 0.31 - 0.70 

FOD = Fquency of deleclion. 
NA = Not analyzed. 
ND = No1 dcleued. 
n = Number of samples used in calculaIions. 
[I] Phase I and Phase II backgmund thresholds calculated using tolerance inlemal method. See Table B7. 



Table B9. Comparlson of Phase I and Phase II Maximum Value Estlrnated Background Popuiatlon Threshold Values 
Background Soll Chemistry Evaluation 

Fort Hunter Llggett, California 

Phase I Phase 11 
Dabset 3 Dame16 

Antimony ND 0 0.13 ND 0 0.30 - 0.54 

Beryllium 111 1 1 1  111 111 1 1 1  111 

Cadmium 

Mercury 0.28 15 0.02 - 0.05 ND 0 0.05 - 0.07 

Selenium 0.4 6 0.13 ND 0 0.58 -0.78 

Silver 12.7 6 0.5 - 1.0 ND 0 0.36 - 0.48 

Thallium ND 0 2.5 ND 0 0.50 -0.67 

FOD = Fquency of detection. 
NA = Not analyzed. 
ND=Not&aed 
n = Number of samples used in calculmims. 
[I] Phase I and Phase ll backgmund Uuesholds calculated using tolerance interval method. See Table B7 



Table B10. Final Area-Specific Background Population Statistics 
Background Soil Chemistry Evaluation 

Fort Hunter Liggett, California 

Background Priority Standard 
specific ~ollutar~t  Final Background Mean Deviation ~ a x i m u m  Value 

Area Metal Dataset Components n ( w h )  (WQ) (m@g) 

San Antonio River 
Basin Floor 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Cobalt 
Chromium 
Chromium VI 
Copper 
Lead 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Nacimiento River 
Basin Eastern Flank 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Chromium VI 
Cobalt 
copper 
Lead 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Datasets 1 and 4 
Datasets 1 and 4 
Datasets 1 and 4 

Dataset 4 
Dataset 4 
Dataset 4 
Dataset 4 
Dataset 4 
Dabset 4 
Dataset 4 

Datasets 1 and 4 
Dataset 4 
Dataset 4 

Datasets 1 and 4 
Datasets 1 and 4 
Datasets 1 and 4 

Dataset 4 
Datasets 1 and 4 

Datasets 2 and 5 
Datasets 2 and 5 
Datasets 2 and 5 
Datasets 2 and 5 
Datasets 2 and 5 
Datasets 2 and 5 

Dataset 5 
Datasets 2 and 5 
Datasets 2 and 5 

Dataset 5 
Datasets 2 and 5 

Dataset 5 
Datasets 2 and 5 
Datasets 2 and 5 
Datasets 2 and 5 
Datasets 2 and 5 
Datasets 2 and 5 
Datasets 2 and 5 

NA 111 0.33 
2.99 [31 
36.44 PI  
0.396 P I  

NA UI  4.26 
14.6 131 

NA UI  ND (0.1) 
3.2 131 

9.57 PI 
1.92 [31 

NA [ l l  0.87 
NA [I] ND (0.43) 

17.2 [31 
NA Ul 6.50 
NA. [ l ]  12.50 
NA [I] ND (0.50 

27.3 [31 
24.2 [31 



Table B10. Final Area-Specific Background Population Statistics 
Background Soil Chemistry Evaluation 

Fort Hunter Liggett, California 

Background Priority Standard 
Specific Pollutant Final Background Mean Deviation Maximum Value 

Area Metal Dataset Source n (mg/kg) ( m o p )  (mg/kg) 

San Antonio River 
Basin Eastern Flank 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Cobalt 
Chromium 
Chromium Vl 
Copper 
Lead 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Fonner PX Facility 
Pb 

Datasets 3 and 6 
Datasets 3 and 6 

Dataset 6 
Datasets 3 and 6 

Dataset 6 
Dataset 3 and 6 

Dataset 6 
Dataset 6 

Datasets 3 and 6 
Datasets 3 and 6 
Datasets 3 and 6 

Dataset 6 
Dataset 6 

Datasets 3 and 6 
Datasets 3 and 6 
Datasets 3 and 6 
Datasets 3 and 6 

Dataset 6 

Dataset 7 12 13.95 12.51 [31 

[I ]  Frequency of detection less than 50 percent precluded calculation of statistic. 
[2] Statistical value adjusted using Cohen's method. 
[3] Maximum value not presented. 
ND = Not detected. 



Table 811. Final Area-Specific Background Threshold Values 
Background Soil chemistry Evaluation 

Fort Hunter Liggett, California 

Final Background Threshold Values 

San Antonio River Nacimiento River San Antonio River 
Basin Floor Basin Eastern Flank Basin Eastern Flank 

Riority ABP, EBP. AMO. Site 8J Building 290 Former PX 
Pollutant and M P  Site Areas Area Area Faciliry Area 
Metal ( w z k )  (mg/kd (mg/kg) ( m a g )  

Antimony 0.50 [I] 0.33 [I] ND (0.3) 131 N A 

Arsenic 3.24 121 9.63 121 7.42 121 N A 

Barium 148 121 149 (21 150 [ZI N A 

Be~yllium 

Cadmium 

Chromium 33.0 121 49.8 (21 32.3 121 N A 

Chromium VI ND (0.1) I31 ND (0.1 1) 131 (0.1) PI N A 

Cobalt 7.81 121 12.9 [2] 7.41 121 N A 

Lead 6.11 121 11.6 (21 11.1 121 48.2 121 

Mercury 

Molybdenum 

Nickel 31.0 (21 56.4 121 29.8 121 N A 

Selenium ND (0.58) PI 

Silver 1.20 111 

Thallium 0.55 [I] ND (0.51) 131 ND (0.50) 131 N A 

Vanadium 

zinc 

[I]  Background threshold estimated as maximum detected value. 
[2] Background threshold estimated by tolerance interval method. 
[3] Background threshold estimated as minimum detection limit. 
ND ( ) =Analyte not detected and minimum detection limit presented in parentheses. 
* = Statistics adjusted using Cohen's Method 
NA =Not analyzed. 





V 

PHASE I EVALUATION PHASE I1  EVALUATION 

B2.1 Collection of 
Background Data 

Collected surface samples a d  soil brings 
from each of the sites from areas that 

I Reviewed preliminaly datasets to evaluate 
additional geochemtcall variations within 

the dataset. ~dentifd~eochemicall 
distinct subsets of data within dataseY6 

(between OPX and 290) and wlthin dataset 
5 (84 .  Created dataset 7 for OPX. and 

removed 7 samples from dataset 5. - 

t 
Calculated the frequenc of detection 
(FODI, mean, standard &viation, and 

coeffic ent of variation for metals data in 
Datasets 4,5.6, and 7. 

Reviewed site locations and chemical 
data to evaiuate geologic conditions that 
mbht control aeochem~cal variations at or 

dataset 2 comprised 81; dataset 3 
' 

comprised 290. 

Removed data from preliminary datasets 
which re~resented wtential 

and 3 comprised the remaining data.-' 

82.2 Calculation of 
Background Statistics 

Datasets I .2, and 3. 

Performod ANOVA corn nrlsan lor motals 
with FOD greater than 83% In each of the 

datasets 10 ~tatidcallv evaluato 11 

Performed ANOVA com~arison for metals 

~ ~~~~ ~~~- .. 
eoch&i&l variations due to geologic 

%iflerences between site locations were 
significant. 

" 
simples in dataset 5. 

Calculated the number 
of additional samples 

neccessary to 
adequate1 ci?aracterhe 

ba&ound 
geochem~stiy using 

Stein's method. 1 
FOD less than" 50% or COV 

greater than 1 in one 
dataset 

1 

7 

83.0 Estimation of B3. 
Background 
Threshold 
Values 

82.3 Comparison of Phase I 
and 11 Datasets and 
Creation of Final 
Background Datasets 

Compared Dataset 1 to Dataset 4, Dataset 2 to Dataset 5, and Dataset 3 to Dataset 6. Depending on the 
FOD of the metals in the dataset, comparisons were erformed using ANOVA techniques or the maximum 

values detectefin the dataset. 

1 ,  datasets. I I 

FOD realer than 50% and 
CO$ less than 1 in bath 

datasets. 

82.3.2 
Compared datasets using ANOVA 

1 

Datase 
to be c 

82.3.1 

Dalasots found not to Datasols found to be 
be comparable comparable 

Compared maximum de!eded motals 
values andlor detedlon llmds botween 

wnd not Datast 
parable be co 

I I 

found to 
arable 

T 

Reviewed FOD and detection limits 
of datasets 

t 
No detected 

concentrations found in 
Phased or II datasets oi  

FOD of one dataset 
much greater than the 
FOD of other dalaset r 

t 
Detected values of 

metals found in only 
oria dataset 

was larger due to 
differences In detection 

1imits.Dataset with 
lower detection limit 

used for final 
backaround dataset. 

Used professional Phase l and ll 
ud ement to decide 

d h d  d 
datasets combined 

ataset(s woukl to create final 
be used for linal background dataset 

background dataset. I be used foi final 
background dataset. I 

, . 4il.Z 
Used maximum value detected or detection l i l t  in final Cakuiated threshold value from final 

background datasets as final background threshold values. background (Ti) datasets statistical using method. Tolerance interval 
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APPENDIX C 

SITE BIOLOGICAL RESOURCES 

The following sections describe biological 
resources identifled at Fort Hunter Liggett from 
aerial photographs and during site walkover 
surveys. Plant and animal taxa observed during 
the site surveys are listed in Table CI. Table C2 
lists special-status taxa reported to occur in the 
FHL vicinity. 

C l  .O EXISTING FIRE DRILL BURN 
PIT 

The Existing Fire Drill Burn Pit comprises 2 acres 
of highly disturbed land that slopes to the 
northeast. Elevations range from 977 feet in the 
northeast corner of the site to 980 feet in the 
southwest. A small ephemeral tributary of the 
San Antonio River is located approximately 
80 feet south of the site (Plate C-1). 

The site consists of barren ground interspersed 
with ruderal vegetation and surrounded by a 
4-foot-high barbed-wire fence. Naturalized 
annual gasses, herbs, and forbs colonize recently 
disturbed areas such as unimproved roads, 
footpaths, and areas cleared by machinery. 
Plants adapted to frequent disturbance such as 
yellow star-thistle (Centaurea solstitialis), ripgut 
grass (Bmmus diandrus), broad-leaf filaree 
(Emdium botrys), and Spanish clover (Lotus p. 
purshianus) form this community. Animals 
associated with ruderal communities include 
California ground squirrel (Spermophilus 
beecheyif, killdeer (Chamdrius vociferus), and 
coyote (Canis latmns). 

Non-native grassland occurs south, east, and 
north of the site. Non-native grassland grows on 
fine-textured, typically clay soil. Plants that 
dominate non-native grassland include wild oat 
(Avena fatua), ripgut grass, red-stem filaree 
(Emdium cicutarium), and purple owl's clover 
(Castilleja e. exserta). Grasslands provide 
foraging and nesting habitats for resident and 
transient wildlife'. Typical animals associated 
with this community include Botta's pocket 
gopher (Thomomys bottae), western meadowlark 

(Sturnella neglects), turkey vulture (Cathartes 
aum), and coyote. 

Foothill pine-oak woodland grows along a 
hillside to the west. A mixture of foothill pine 
(Pinus sabiniana) and blue oak (Quercus 
douglasij) typically occurs on shallow, well- 
drained soil generally ranging from gravelly loam 
to stony clay loam. This community is 
structurally diverse, with foothill pine emerging 
above a lower canopy of blue oak and clumped 
shrubs, with an understory of annual grasses. 
Plants that typify this community include rattail 
fescue (Vulpia m. myurus), white-tipped clover - 

(Trifolium variegatum), western poison oak 
(Toxicodendmn dive1silobum), foothill pine, and 
blue oak. Foothill pine-oak woodland 
communities provide breeding and foraging 
habitat for a wide variety of animals associated 
with oaks (Quercus spp.), pines (Pinus spp.), and 
grasslands, such as coyote, California quail 
(Callipepla californica), and white-crowned 
sparrow (Zonotrichia leucophrys). 

Several small colonies of purple needlegrass 
(Nassella pulchm), the dominant grass of the 
valley needlegrass community, were observed in 
the southern corner of the site and offsite to the 
southeast. The Califomia Department of Fish 
and Game considers valley needlegrass grassland 
to be a sensitive natural community because of 
its decline on a statewide basis. Several valley 
oaks occur immediately offsite to the west. Use 
of the site by wildlife is relatively limited 
because of the high level of disturbance (clearing, 
soil compaction) and low quality of the 
vegetation. The likelihood of encountering 
special-status wildlife taxa at the Existing Fire 
Drill Burn Pit is considered low. 

C2.0 ABANDONED FIRE DRILL 
BURN PIT 

The Abandoned Fire DriU Burn Pit is a barren, 
level, circular area approximately 60 feet in 
diameter. The site elevation is approximately 
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Site Biological Resources 

1,021 feet. Non-native annual ,grassland encircles 
the site (Plate C-2). The San Antonio River is 
800 feet to the south, and Del Venturi Road, a 
two-lane paved road, is 120 feet west of the site. 

Wildlife use of the site is expected to be 
consistent with that of the adjoining non-native 
grassland community described above. No 
special-status animals were observed or are 
expected to occur onsite. An apparent fox den 
and several burrows are present in a berm along 
an engineered channel approximately 400 feet 
north of the site; another apparent fox burrow 
occurs nearly 150 feet south of the site. These 
burrows may be used by San Joaquin kit fox, 
which are known to inhabit this portion of FHL 
USA, 1992). A burrow suspected to belong to 
American badger (Tm'dea taus)  was observed 
approximately 450 feet southeast of the site. No 
special-status plants were observed or are 
expected to occur onsite. 

C3.0 BUILDING 290 AREA 

The Building 290 Area is in a developed and 
highly disturbed area within the Tactical 
Experiment Command Area of the Main Garrison. 
The site is located along Infantry Road at an 
elevation of approximately 1,090 feet (Plate C-3). 
Building 290 Area consists of buildings, paved 
roadways, and parking lots, interspersed with 
patches of managed landscape and mature valley 
oak (Quercus lobata) trees. 

Developed areas with structures, associated 
landscaping, parking lots, and roadways provide 
opportunities for ruderal plants and wildlife that 
tolerate high levels of human activity. 
Ornamental trees and shrubs provide nesting and 
roosting habitat for passerine (perching) birds 
such as the scrub jay (Aphelocoma coerulescens), 
European starling (Sturnus vulgaris), and house 
finch (Carpodacus mexicanus). Buildings provide 
potential roost sites for bats such as the Pacific 
western big-eared bat (Plecotus t. townsendii). 
Reptiles such as the western fence lizard 
(Sceloporus occidentalis) also inhabit developed 
areas. 

The site is separated from blue oak woodlands to 
the north and east by developed lands and an 
8-foot-high c h a i n l d a r b e d  wire fence 

(Plate C-3). Nearly pure stands of blue oak occur 
on well-drained, rocky, infertile soil where the 
water table is typically below the rooting depth 
of trees. Plants that typify this community 
include an open canopy of blue oak with an 
understory composed primarily of wild oat, 
western fescue (Festuca occidentalis), and 
western poison oak. Oak trees form the base of a 
complex food web by providing pollen, acorns, 
leaves, twigs, and sap to a wide variety of 
resident and transient animals. Animals that 
typify blue oak woodlands include acorn 
woodpecker (Melanerpes formicivorus), scrub jay, 
and Columbian black-tailed deer (Odocoileus 
hemionus columbianus). The likelihood that any 
special-status plant or animal taxon occurs 
immediately surrounding Building 290 is low 
because the site is developed, actively used, and 
completely surrounded by developed lands. 

Site 8J consists of approximately 20 acres of 
developed and highly disturbed land that slopes 
gently to the southwest. The site also includes a 
3,000-foot-long portion of an ephemeral drainage 
and a 6-acre reservoir southwest of the developed 
area (Plates C-4 and C-5). Elevations range from 
approximately 1,400 feet at the northwest corner 
of the site to 1,230 feet at the reservoir. 

The northern portion of the site has been 
developed with roads, parking areas, and 
buildings. Portions of the site not covered by 
impervious surfaces are either barren or 
colonized by ruderal vegetation. Non-native 
grassland occurs north, west, and southwest of 
this portion of the site; foothill pine-oak 
woodland occurs along the hillside to the east. 
Wildlife use of the developed portion of the site 
is limited by the level of disturbance and the low 
quality of the vegetation. The likelihood that 
special-status taxa inhabit this area is low due to 
previous disturbance. Most of the native 
vegetation has either been removed or replaced 
with naturalized taxa adapted to disturbed 
conditions. Buildings onsite provide potential 
shelter habitat for several bat species with special 
status that have been reported in the vicinity of 
FHL (Table C2). 
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Site Biological Resources 

As it passes through the developed area, the 
ephemeral drainage is a narrow incised channel 
with adjacent wetland vegetation. The southern 
portion of the channel broadens into a wetland as 
it drains into the reservoir. Non-native grassland 
occurs west of the drainage and Foothill pine-oak 
woodland along the hillside to the east. The 
reservoir consists of open water surrounded by 
emergent wetland vegetation. This shoreline of 
this reservoir is dominated by monocots adapted 
to prolonged saturation such as broad-leaved 
cattail (Typha latifolio) and spike rush (Eleocharis 
macmstachya). The ephemeral drainage and 
reservoir provide suitable breeding and foraging 
habitat for several amphibians and aquatic 
reptiles including the California tiger salamander 
(Ambystoma californiense), foothill yellow-legged 
frog (Rana boylei), red-legged frog (Rana aumm 
draytonii), and southwestern pond turtle 
(Clemmys marmomta pallida). Tricolored 
blackbird (Agelaius tricolor) may be attracted to 
the emergent vegetation surrounding the 
reservoir. 

C5.0 BUILDING EXP 52/57 

Building EXP 52/57 is southwest of Mission 
Creek Road within a 6-acre building complex in 
the Main Garrison Area. The developed, level 
site is at an elevation of 1,010 feet and consists of 
several buildings, paved parking areas, and 
roadways enclosed by chainlink and barbed-wire 
fences. Ruderal vegetation occurs immediately 
east and west of the building complex, which is 
otherwise surrounded by non-native grassland 
(Plate C-6). 

Animals expected to use this area are those 
typically associated with other developed lands at 
FHL. The likelihood that any special-status plant 
or animal taxon occurs onsite is low because the 
site is developed, actively used, and completely 
surrounded by developed lands. An ephemeral 
drainage from the building complex conveys 
water to a small seasonal wetland 400 feet west 
of the site. This wetland may provide suitable 
habitat for California tiger salamander. 

C6.0 FORMER PX FACILITY 

The Former PX Facility (Building 122) is in a 
developed and highly disturbed portion of the 
Main Garrison Area at an elevation of 
approximately 1,100 feet above MSL. The site 
slopes to the west and is surrounded by paved 
parking areas, roadways, and other buildings 
(Plate C-7). Blue oak woodland and non-native 
grassland occur approximately 200 feet north of 
the site. 

Animals expected to use this area are those 
typically associated with other developed lands 
at FHL. The likelihood that any special-status 
plant or animal taxon occurs onsite is low 
because the site is developed, actively used, and 
completely surrounded by developed lands. 

C7.0 AMMUNITION CRATE BURN 
AREA 

The Ammunition Crate Burn Area is nearly level 
area; site elevation is approximately 930 feet 
above MSL. The site is a trench nearly 100 feet 
long and 30 feet wide. The area immediately 
surrounding the site is highly disturbed and has 
been colonized by ruderal vegetation (Plate C-8). 

Several seasonal wetlands occur approximately 
150 feet west and south of the site. Seasonal 
wetlands form in topographic depressions where 
soil infiltration rates are low. Facultative 
wetland plants such as perennial ryegrass 
(Lolium perenne) and Mediterranean barley 
(Hordeum marinum gussoneanum) typically 
colonize in seasonal wetlands. Animals that 
typify this habitat include mosquitoes 
(Culicidae), Pacific treefrog (Hyla regjlla), mallard 
( h a s  platyrhynchos), and raccoon (Pmcyon 
lotor). 

These seasonal wetlands provide potentially 
suitable habitat for at least two special-status 
animals reported at FHL -- California linderiella 
(Linderiella californica) and California tiger 
salamander. Debris piled near the trench and 
mammal burrows in upland areas provide 
suitable refuge for the California.tiger 
salamander. 
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Table C1. Plant and Animal Taxa Observed in April and May 1993 
Investigation of Eight Sites 

Fori Hunter Uggett,California 

DIVISION 
Classlsubclass 
Family 

Scientific Name Common Name Community' 

PLANTS 

COMFEROPHYTA CONE BEARING PLANTS 

Coniferales Conifers 

Cupressaceae Cypress Family 
Cupressus macrocarpa Monterey cypress 
Juniperus chilensis var. kaizuka Hollywood juniper 
Juniperus sp. cultivated juniper 

Pinaceae 
Pinus mdiota 
Pinus sabiniana 
Pinus sp. 

Pine Family 
Monterey pine 
foothill pine 
cultivated pine 

ANTHOPHYTA FLOWERING PLANTS 

Dicotyledonae Dicots 

Amaranthaceae 
Amamnthus sp 

Anacardiaceae 
Toxicodendrun diversilobum 

Apiaceae 
Eryngium sp. 
Lomatium sp. 
Sanicula bipinnatifida 

Asclepiadaceae 
Asclepias eriocarpa 
Asclepias fascicularis 

Asteraceae 
Achillea millefalium 
Achymchaena mollis 
Anaphalis margan'tacea 
Baccharis pilularis 
Baccharis salicifolia 

DE 
BO, FP 
DE 

Amaranth Family 
amaranth RU 

Sumac Family 
western poison oak BO, NN 

Carrot Family 
button-celery 
lomatium 
purple sanicle 

PE 
NN 
BO, NN 

Milkweed Family 
kotolo NN, RU, VO 
narrow-leaf milkweed NN. RU, VO 

Composite Family 
yarrow NN 
blow-wives NN 
pearly everlasting RU 
coyote brush NN 
mule fat PE, SC 
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Table C1. Plant and Animal Taxa Observed in April and May 1993 
investigation of Eight Sites 

Fort Hunter Liggett, Monterey County, California 

DMSION 
Classlsubclass 
Family 

Scientific Name Common Name Community' 

Centaurea solstitialis 
Chamornilla suaveolens 
Circium occidentale var. venustum 
Gnaphalium luteo-album 
Gnophalium palustre 
Hemizom'a sp. 
Lasthenia cdifornica 
Psilocarphus brevissimus 
Silybum morianum 
Sonchus a. asper 
Sonchus olemceus 
Xanthium strumanurn 

Betulaceae 
Alnus rhombifolia 

Boraginaceae 
Amsinckia m. menziesii 
Heliotropium cumssavicum oculatum 
Plogiobothrys sp. 

Brassicaceae 
Bmssica n i p  
Bmssica mpa 
Capsella bursa-pastoris 
Lepidium nitidum 
Rorippa nasturtium-aquaticum 

Cactaceae 
Opuntio sp. 

Caprifoliaceae 
Sambucus mexicana 
Symphoricorpas sp. 

Caryophyllaceae 
Cemsh'um sp. 
Spergulario sp. 

yellow star-thistle 
pineapple weed 
cobweb thistle 
cudweed 
lowland cudweed 
t w e e d  
California goldfields 
dwarf wwlly-heads 
milk thistle 
prickly sow thistle 
common sow thistle 
cocklebur 

Birch Family 
white alder 

Borage Family 
rancher's fireweed 
seaside heliotrope 
popcorn flower 

Mustard Family 
black mustard 
field mustard 
shepherd's purse 
p e p p e w  
water cress 

Cacm Family 
cholla 

Honeysuckle Family 
blue elderberry 
snowberry 

Pink Family 
chickweed 
sand-spuney 

DE, NN 
CC, DE, NN 
RU 
CC, NN 
NN 
NN 
NN 
PE 
DE, NN 
DE, RU 
DE, NN 
PE 

CS, DE, RU, SC 

NN 
PE 
NN, PE 

NN, RU 
NN, RU 
NN, RU 
NN, RU 
NN, PE 

NN 
NN, RU 



Table C1. Plant and Animal Taxa Obsewed In April and May 1993 
Investigation of Eight Sites 

Fort Hunter Uggett, Monterey County, California 

DIVISION 
Clasdsubclass 
Family 

Scientific Name Common Name Community' 

Casuarinaceae 
Casuarina sp. 

Casuarina Family 
she-oak 

Chenopodiaceae 
Chenopodiurn album 

Goosefoot Family 
lamb's quarters NN, RU 

Moming-Glory Family 
bind-weed NN, RU 

Cucurbitaceae 
Mamh fabaceus 

Gourd Family 
California man-root BO, NN 

Cusmtaceae 
Cuscuta d. califomica 

Dodder Family 
dodder 

Datiscaceae 
Datisca glomemta 

Datisca Family 
durango root PE, RU 

Dipsacaceae 
Dipsacus sotivus 

Teasel Family 
Fuller's teasel NN. RU 

Ericaceae 
Arctostaphylos sp. 

Heath Family 
manzanita 

Euphorbiaceae 
Eremocarpus &gems 

Spurge Family 
turkey mullein 

Fabaceae 
Lotus comiculatus 

p. p u r s h i ~ u s  
Lotus scoporius 
Lupinus nanus 
Lupinus sp. 
Medicago po&morpha 
Tnfolum b. bifidum 
T~ifollium ~ ~ ' e g a t u m  

Legume Family 
birdfoot trefoil 
Spanish clover 
California brwm 
sky lupine 
lupine 
California burclover 
notch-leaved clover 
white-tipped clover 

NN 
NN, RU 
CC, NN 
NN 
NN 
NN 
BO, NN 
NN, PE 

Fagaceae 
Quercus a. agnyolia 
Quercus douglasii 
Quercus lobata 

Beech Family 
coast live oak 
blue oak 
valley oak 

BO, NN, VO 
BO, NN, FP 
BO, NN, FP, VO, 
RU 
BO, NN Quercus douglasii x Q. lobafa blue x valley oak hybrid 
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Table C i .  Plant and Animal Taxa Observed in April and May 1993 
Investigation of Eight Sites 

Fort Hunter Uggett, Monterey County, California 

DMSION 
Class/subclass 
Family 

Scientific Name Common Name Community' 

Geranium Family 
broad-leaf filaree 
red-stem filaree 

NN, RU 
NN, RU 

Buckeye Family 
California buckeye NN, PE 

Waterleaf Family 
yerba santa 
woolly yerba santa 

NN 
BO, NN, RU 

Lamiaceae 
M m b i u m  vulgare 
Mentha pulegium 

Mint Family 
horehound 
pennyroyal 

BO, NN, k U  
PE 

Loosestrife Family 
loosestrife 

Lythraceae 
Lythmm hyssopifoiium NN. PE 

Malvaceae 
Malva parvlflom 

Mallow Family 
cheeseweed NN, RU 

Moraceae 
Moms alba 

Mulberry Family 
white mulbeny 

Myrtaceae 
Eucalyptus globulus 

Myrtle Family 
blue gum 

Onagmceae 
Cnrm'sso~~a ovata 
Clarldo speclspeclasa 
Clarkia ungru'culata 
Epilobium c. ciliaturn 

Evening Rimrose Family 
sun cups 
clarkia 
elegant clarlda 
northern willow herb 

NN 
BO, NN 
BO, NN 
DE, NN 

Papaveraceae 
Eschscholzia califmica 

POPPY F ~ Y  
California poppy c c ,  NN 

Plantaginaceae 
PIantago erect0 
Plantago lanceolata 

Plantain Family 
dwarf plantain 
English plantain 

NN, RU 
NN, RU 

Platanaceae 
Platanus mcemosa 

Sycamore Family 
western sycamore CS, LA, SC 
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#e C1. Plant and Animal Taxa Observed in April and May 1993 
Investigation of Eight Sites 

Fort Hunter Uggett, Monterey County, California 

~ 1 a . S ~  

Scientific Name Common Name Community' 

Polemoneaceae 
Linanthus sp. 

Phlox Family 
linanthus 

Polygonaceae 
Eriogonum cf. nudum 
Eriogonum fasciculatum foliosum 
Polygonum amphibium emersum 
Polygonum arenastrum 
Rumex acetosella 
Rumex crispus 

Buckwheat Family 
naked-stemmed buckwheat 
leafy buckwheat 
kelp 
common knotweed 
sheep sorrel 
curly dock 

NN 
NN, RU 
LA 
DE, NN, RU 
NN, RU 
PE, NN 

Portulacaceae 
Claytom'a pqfoliato ssp. mm'cana 
Lem'sio rediviva 

Purslane Family 
miners lettuce 
bitter root 

BO, NN, PE, 
BO 

F'rimulaceae 
Anagollis amensis 

Primmse Family 
scarlet pimpernel NN, RU 

Ranunculaceae 
Clematis losiantha 
Delphinium v. variegatum 
Delphinium cardinale 
Ranunculus aquatilus 
Ranunculus califomicus 

Buttercup Family 
pipestems 
royal larkspur 
cardinal larkspur 
water buttercup 
California buttercup 

BO 
NN 
BO, NN 
LA 
NN, YO 

Rhamnaceae 
Ceanothus c. cunwtus 

Buckthorn Family 
buck b m h  BB, BO. PS, RU 

Rosaceae 
Adenostoma fasciculatum 
Prunus i. ilicifofia 
Rosa californica 

Rose Family 
cframise 
holly-leafed cherry 
Califomia rose 

CC 
PS 
NN, SC 

Rubiaceae 
Galium pankiense 
Galium sp. 

Madder Family 
wall bedstraw 
bedstraw 

vo 
BO, NN 

Wiow Family 
Fremont cottonwood 
red willow 
yellow willow 
m y 0  willow 

Salicaceae 
Populus f. fiemontii 
Saliv laevigata 
Saliv lasiandm 
Saliv lasiolepis 

DE, SC 
CS, LA, SC 
CS, LA, SC 
CS, LA, SC 

Scrophulariaceae Figwort Family 
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Table C1. Plant and Animal Taxa Observed in April and May 1993 
Investigation of Eight Sites 

Fort Hunter Uggett, Monterey County, California 

DIVISION 
Classlsubclass 
Family 

Scientific Name Common Name Community' 

CastiUeja e. exserta 
Mimulus guttatus 
Orthocarpus sp. 

Solanaceae 
Datum wrightii 
Solanum umbelliferum 

Tamaricaceae 
Tomarix sp. 

Verbenaceae 
Verbena lasiostachys 

Viscaceae 
Phomdendmn macmphyllum 
Phomdendrun d o s u m  

Monocotyledonae 

Alismataceae 
Alisma plantago-aquatica 

Cyperaceae 
Eleocharis macmstachya 
Eleocharis sp. 

Hydrocharitaceae 
Elodea canadensis 

Iridaceae 
Sisyrinchium belIum 

Juncaceae 
Juncus bufonius 
Juncus sp. 

Lemnaceae 
Lemna miniscula 

purple owl's clover 
common monkey flower 
owl's clover 

Nightshade Family 
thorn apple 
blue witch 

Tamarisk Family 
tamarisk 

Vervain Family 
western verbena 

Mistletoe Family 
big leaf mistletoe 
oak mistletoe 

Water-Plantain Family 
common water-plantain 

Sedge Family 
spike rush 
annual spike rush 

Waterweed Family 
common waterweed 

Iris Family 
blue-eyed grass 

Rush Family 
toad rush 
rush 

Duckweed Family 
duckweed 

NN 
PE 
NN 

BO, NN, RU 
BO, NN, RU 

DE, RU 

NN 

CS 
BO, VO 

LA 

LA, PE 
PE 

LA 

NN, NG 

PE, NN 
NN. PE 

LA 
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Table C l .  Plant and Animal Taxa Obsewed In April and May 1993 
Investigation of Eight Sites 

Fort Hunter Uggett, Monterey county, California 

DIVISION 
Classlsubclass 
Family 

Scientific Name Common Name Community' 

Liliaceae 
Agave americona 
Bloomeria cmcea 
Calochortus sp. 
Chlomgalum p. pomeridianum 
Chlomgalum p. purpureum 
Dichelostemma c. capitatum 
Muilla maritima 

Poaceae 
Avena barbata 
Avena fatua 
Bmmus diandrus 
Bmmus hordeaceus 
Bmmus maakitensis mbens 
EIymus e. elpoides 
Festuca occidentalis 
Hordeum b. bmchyanthenun 
Hordeum bmchyantherum californicum 
Hordeum marinum gussoneanum 
Hordeum murinum leporinum 
Leymus triticoides 
Lolium multiflomm 
Lolium perenne 
NasseUa pulchm 
Poa annua 
Sitartian hysh-iu 
Vulpia m. micmstachys 
Vulpia m. myums 

Typhaceae 
'Is.pha domingensis 
m h a  Iatifolia 

Lily Family 
century plant 
common goldenstar 
Mariposa lily 
soap plant, amole 
purple amole 
blue dicks 
common muilla 

Grass Family 
slender oat 
wild oat 
ripgut grass 
soft cheat 
red bmme 
squirreltail 
western fescue 
meadow barley 
California barley 
Mediterranean barley 
farmers foxtail 
creeping rye pass 
Italian ryegrass 
perennial ryegrass 
purple needlegrass 
annual bluegrass 
squirrel tail grass 
few-flowered fescue 
rattail fescue 

Cattail Family 
southern cattail 
broad-leaved cattail 

DE 
BO, NN 
BO, NN 
CC, BO, NN, NG 
BO. NN 
CC, NN, NG 
BO, NN 

NN 
NN 
CC, NN, RU 
CC, NN, RU 
NN. RU 
NN, RU 
BO, NN 
NN 
NN, PE 

NN, PE 
NN, RU 
NN, PE 
NN, RU 
NN 
NN, NG 
DE, NN, RU 
NN 
NN 
NN 
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Table Cl. Plant and Animal Taxa Obsewed in April and May 1993 
Investigation of Eight Sites 

Fort Hunter Uggett, California 

- - 

CLASS 
Order 
Family 

Scientific Name Common Name Community' 

ANIMALS 

AVES BIRDS 

Anseriformes 
Anatidae 

Anas plaiyrhynchos 

Charadiiformes 
Charadriidae 

Chamdrius vociferus 

Ciconiiformes 
Ardeidae 

Butorides striatus 

Columbiformes 
Columbidae 

Zenaida macmum 

Coraciiformes 
Alcedinidae 

Ceryle alcyon 

Falconiformes 
Accipitridae 

Aquila chrysaetos 
Buteo jamaicensis 
Elanus caeruleus 

Cathartidae 
Cathartes aum 

Falconidae 
Falco sparvm'us 

Galliformes 
Phasianidae 

Callipepla califom'ca 

Gruiformes 
Rallidae 

Fulica americana 
Aphelocoma coerulescens 
Corns bmchyrhynchos 
Pica nuttalii 

nnal 
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mallard 

killdeer 

green-backed heron 

mourning dove 

belted kingfisher 

golden eagle 
red-tailed hawk 
black-shouldered kite 

turkey vulture 

American kestrel 

California quail 

American coot 
scrub jay 
American crow 
yellow-billed magpie 

LA 

RU,LA 

LA, SC 

BONN 
B0,NN 
BO, NN 

BO, NN, DE 

BO, NN 

LA 
NN,BO 
NN, BO, DE 
NN, BO, DE 



Table Cl .  Plant and Animal Taxa Obsewed In April and May 1993 
Investigation of Eight Sites 

Fort Hunter Uggett, California 

-- 

CLASS 
Order 
Family 

Scientific Name Common Name Community' 

Emberizidae 
Agelaius phoeniceus 
Euphogus cyanocephalus 
Junco hyemalis 
Sturnello negleaa 
Zonotrichia leucophrys 

Fringillidae 
Carpodacus medconus 

Hirundinidae 
Tachycineta bicolor 
Hirundo pyrrhonota 
Tachycineto thalassina 

Laniidae 
Lanius ludovicianus 

Muscicapidae 
Sialia mexicana 

Sturnidae 
Sturnus vulgaris 

Tyrannidae 
Myiarchus cinerascens 

Artiodactyla 
Cervidae 

Odocoileus hemionus columbianus 

Carnivora 
Canidae 

Canis latmns 
Undetermined 

Mustelidae 
Taxidea taxus 

Procyonidae 
Procyon lotor 

Lagomorpha 
Leporidae 

Lepus califom'cus 
Sylvilagus auduboni 

March 31, 1994 

red-winged blackbird 
Brewer's blackbird 
dark-eyed junco 
western meadowlark 
white-crowned sparrow 

house finch 

tree swallow 
cliff swallow 
violet-green swallow 

loggerhead shrike 

western bluebird 

European starling 

ash-throated flycatcher 

MAMMALS 

Columbia black-tailed deer 
SC. LA 

coyote 
fox 

American badger 

raccmn 

black-tailed hare 
desert cottontail 

NN, BO, DE 
NN, BO, DE 
NN, DE 
NN 
NN, BO, DE 

NN, 8 0 ,  DE 

NN, BO, DE 
NN, BO, DE 
NN, BO, DE 

BO, NN 

NN, RU, DE 

NN, BO, DE 

BO 

NN, BO, RU, 

BO, NN, RU. SC 
NN, RU, BO 

LA, NN 

NN, BO, DE 
BO, NN 

Hardlng Lawson Associates Sot I 1  

.. 



Table C1. Plant and Animal Taxa Observed In April and May 1993 
Investigation of Eight Sites 

Fort Hunter Uggett, California 

CLASS 
Order 
Family 

Scientific Name Common Name Community' 

Rodentia 
Geomyidae 

nornornys bottae 
Sciuridae 

Spermophilus beecheyi 

Squamata 
Colubridae 

Thornnophis sirtalis 
Iguanidae 

Sceloporus occidentalis 

Anura 
Bufonidae 

Bufo boreas 
Hylidae 

Hyla refla 

OSTEXHTHYES 
Undetermined 

ARACHNIDA 

INSECTA 

Coleoptera 

Diptera 
Culicidae 
Tipulidae 

Undetermined 

Hemiptera I 

Genidae 

Hymenoptera 

Botta's pocket gopher 

California ground squirrel 

REPTILES 

common garter snake 

western fence lizard 

AMPHIBIANS 

western toad 

Pacific treefrog 

FISH 
minnow 

ARACHNIDS 
ticks, spiders 

XNSECTS 

beetles 

mosquitoes 
crane fies 

tlies 

water striders 

NN 

NN, RU 

NN, RU 

BO, NN, RU 

SC, LA 

LA 

RU. NN, BO, 
DE, LA 

LA, RU, NN, BO 
LA, 9 0 ,  NN, RU 

RU, NN, 90, DE, 
LA, 

LA, SC 
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Table C1. Plant and Animal Taxa Observed in April and May 1993 
Investigation of Eight Sites 

Fatt Hunter Liggett, California 

CLASS 
Order 
Family 

Scientific Name Common Name Communitv' 

Apoidea 
Vespidae 

Hymenoptera 
Formicidae 

Homoptera 
Fulgoridae 

Isoptera 

Lepidoptera 
Lycaenedae 

Odonata 
Coenagrionidae 

GASTROPODA 

OLIGOCHAETA 
Lumbricidae 

bumble bee 
yellowjacket 

ants 

planthoppers 

termites 

gossamer-winged butterflies 

narrow-winged damselflies 

SNAILS 

WORMS 
Earthworms 

' Community 

= Buck Brush Chaparral 
= Blue Oak Woodland 
= Chamise Chaparral 
= Central Coast Cottonwood-Sycamore Riparian Forest 
= Developed 
= FwthiU Pine-Oak Woodland 
= Lacushim 
= Valley Needlegrass Grassland 
= Non-native Grassland 
= Palustrine 
= Prunus Scrub 
= Ruderal 
= Stream Channel 
= Valley Oak Woodland 

flnal 
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SC, RU, BO 
SC, RU, BO 

BO, NN, RU 

BO, NN, RU 

LA 

LA, SC 

LA 
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Table C2. Speclal-Status Taxa Reported to Occur In the Vlclnlty of Fort Hunter Uggett, Callfornla' 
Investlgatlon of Eight Sltes 

Fort Hunter Llggett, Callfornla 

Common Name Scientific Name Status2 Habitat 

Jolon clarkia 

Plants 

San Antonio collinsia 

gypsum-loving larkspur 

Hutchinson's larkspur 

umbrella larkspur 

yellow-flowered er iashm 

Buttelworth's buckwheat 

Pinnacles buckwheat 

talus fritillaria 

San Benito fritillary 

Cone Peak bedstraw 

Santa Lucia bedstraw 

Hardman's bedstraw 

Salinas Valley goldfields 

Jone's layia 

Clarkia jolonensis 

Collinsia antonina3 

Delphinium gypsophilum pawiflorum 

Delphinium hutchinsoniae 

Delphinium umbmculorum 

Eriastrum Iuteum 

Eriogon um butterworthian um 

Eriogonum nortonii 

Fritillaria Falcata 

Fritillaria viridiea 

Galium californicum ssp. luciense 

Galium clementis 

Galium hardhamiae 

Lasthenia leptalea 

Layia jonesii 

Dry woodland 

Chaparral, sagebrush scrub, mixed woodland 

Open woodland 

Coastal prairie, chaparral, forest 

Moist oak forest 

Dry slopes 

Dry sandstone 

Sandy sites 

Chaparral, cismontane woodland, coniferous 
forest 

Chaparral (ultramafic soils) 

Pine and oak forests 

North facing slopes, open woodlands 

Serpentine soils 

Open woodlands 

Valley and foothill grasslands 

A32785-H 
March 31, 1994 
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Table C2. Special-Status Taxa Reported to Occur In the Vicinity of Fort Hunter Uggett, California' 
lnvestlgation of Eight Sites 

Fort Hunter Uggett, Calltornla 

Common Name Scientific Name Status' Habitat 

Caper-fruited tropidocarpum 

Invertebrates 

California linderiella 

Fish 

San Joaquin roach 

hardhead 

Amphibians 

California tiger salamander 

foothill yellow-legged frog 

red-legged frog 

Reptiles 

coast horned lizard 

southwestern pond turtle 

Birds 

tricolored blackbird 

Tropidocatpum capparideum 

Linderiella occidentulis 

Lavinia symmetricus 

Mylopharodon conocephalus 

Ambystoma californiense 

Rana boylei 

Rana aurom dmytonii 

Clemmys marmomta palljda 

Agelious tricolor 

Alkaline soils, low 'hills, valleys 

Seasonal pools 

Warm streams, sloughs, ponds 

Warm clear streams with deep pools 

Temporary ponds, mammal burrows 

Permanent water in variable habitats 

Permanent or nearly permanent pools 

Open country, sandy areas 

Perennial streams, rivers, lakes and ponds with 
perennial water 

C2/CSC Emergent wetlands, willow and blackberry 
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Table C2. Special-Status Taxa Reported to Occur In the Viclnlty of Fort Hunter Uggett, Callfornla' 
lnvestigatlon of Elght Sltes 

Fort Hunter Liggett, Callfornla 

Common Name Scientific Name StatusZ Habitat 

Cooper's hawk 

sharp-shinned hawk 

golden eagle 

short-eared owl 

long-eared owl 

fe~iuginous hawk 

northern harrier 

black swift 

yellow warbler 

prairie falcon 

merlin 

American peregrine falcon 

bald eagle 

Accipiter cooperi 

Accipiter stmitus 

Aquila chrysaetos 

Asio flammeus 

Asio otus 

Buteo regalis 

Circus cyaneus 

Cypseloides niger 

Dendroica petechia bi-awsteri 

Falco mexicanus 

Falco columbarius 

Falco peregrinus anatum 

Haliaeetus leucocephalus 

thickets 

Woodlands near water 

Woodlands near open water or riparian habitats 

Large trees or on cliffs. Rolling foothills, 
mountains, sage-juniper flats, desert 

Open areas with perches 

Dense riparian and live oak thickets 

Grasslands and agricultural areas 

Level, open areas and wetlands 

Moist crevices, seaclilffs, waterfalls, variable 
foraging habitats 

Woodlands and forests 

Open terrain with canyons, cliffs, escarpments 

Coastlines, grasslands, savannahs, woodlands, 
lakes and wetlands 

Water bodies, open areas with cliffs and canyons 

Nests in old-growth trees. Feeds in large water 
bodies and rivers. 

A32785-H 
March 31, 1994 
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Table C2. Speclai-Status Taxa Reported to Occur In the Vlcinlty of Fort Hunter Llggett, Callfornla' 
lnvestlgatlon of Eight Sites 

Fort Hunter Llggett, Californla 

Common Name Scientific Name Status2 Habitat 

yellow-breasted chat 

California gull 

osprey 

American white pelican 

double-crested cormorant 

purple martin 

bank swallow 

burrowing owl 

California spotted owl 

Bell's vireo 

Mammals 

Western mastiff bat 

Monterey dusky-footed woodrat 

Salinas pocket mouse 

pale big-eared bat 

Icteria virens 

Lorus californicus 

Pandolon haliaetus 

Pelscanus erythrorhynchos 

Phalacrocomx auritus 

Pmgne subis 

Riparia riparia 

Speotyto (=Athem) cunicularia 

Strix occidentalis occidentalis 

Vireo bellii pusillus 

Riparian woodlands 

Coastal and interior lowlands; alkaline and 
freshwater lakes 

Large water bodies in coniferous forests 

Large lakes and estuaries 

Inland lakes, fresh, salt, and estuarine waters 

Low elevation woodlands 

Nests in sandy banks. Forages in riparian, 
grassland, and cropland habitats 

Open grasslands and shrublands 

Dense, multi-layered coniferous and oak 
woodlands 

Dense riparian habitats 

Eumops pemtis californicus C2/CSC Crevices on cliffs, hlgh buildings, trees 

Neotoma fuscipes luciana C2lCSC Oak woodlands, riparian forests 

Pemgnathus inornatus psammaphilus C?./CSC Dly, open grasslands 

Plecotus townsendii palescens -/CSC Caves, mines, tunnels, man-made structures 
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Table C2. Speclal-Status Taxa Reported to Occur in the Vlclnlty of Fort Hunter Llggelt, California' 
lnveatlgatlon of Elght Sites 

Fort Hunter Llggett, California 

Common Name Scientific Name Status2 Habitat 

Pacific western big-eared bat Plecotus t, townsendii 

American badger Taridea taxus 

San Joaquin kit fox Vulpes macrotis mutica 

CZ/CSC Caves, mines, tunnels, man-made structures 

-1CSC Open stages of most habitats with dry, friable 

W S T  Open, level areas with loose-textured soils 

1 References: DFG (1988, 1990a, 199Ob, 1993) 
Smith and Berg (1988) 
Hickrnan (1993) 
Collins (1993) 

2 Status (FederalIStatelCNPS) 

FE = Federally listed endangered 
FPE = Federally proposed for listing as endangered 
CI = Federal candidate, Category 1 
C2 = Federal candidate, Category 2 
SE = State listed endangered 
ST = State listed threatened 
SR = Rare in California 
CSC = California Species of Special Concern 
CFP = California fully protected 
1A = California Native Plant Society List 1A 
1B = California Native Plant Society List 1B 
3 = California Native Plant Society List 3 
4 = California Native Plant Society List 4 

3 Not recognized by Hickman (1993) as a distinct taxon 

A32785-H 
March 31. 1994 
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APPENDIX D 

CEQA INFORMATION 

D1.O PROJECT 
INFORMATION 

This appendix presents a California 
Environmental Quality Act (CEQA) cross- 
reference for the five sites discussed in this 
RUFS report. It provides additional information 
necessary to complete a CEQA checklist. 

Project Name 

Fort Hunter Liggett, DOD - Fort Hunter 
Liggett, Fort Hunter Liggett, Monterey County, 
California 

Site Location 

As described in Section 2.2 of this report, Fort 
Hunter Liggett (FHL) is located in the coastal 
mountains of Monterey County, California, 
approximately 17 miles southwest of King City 
(Plate 1). The five sites are located in the 
northeast section of the Fort Hunter Liggett 
Military Reservation (Plate 2). 

Contact Person/Address/Phone 
Number 

Mr. Gary Houston 
Department of the Army 
Fort Hunter Liggett, California 
FHL AFRC-FMH-EH 
Building 196 
Fort Hunter Liggett, California 93928 
(83 1) 386-2252 

Project Description 

The RIES report summarizes remedial 
investigations and feasibility studies for the 
following five sites: Existing Fire Drill Bum Pit 
(EBP), Site 85 (89, Building 290 Area (290), 
Building EXP 52/57 (EXP), and Former PX 
Facility (OPX). The EBP was identified as a 

potentially contaminated site, 8J and 290 were 
RCRA permitted sites, and EXP and OPX were 
UST sites (Section 1.0). The projects conducted 
at the site have included site investigations, 
removal actions, and pilot treatability system 
evaluations (Section 4.0). Treatability studies 
were performed at four of the five sites to 
evaluate the feasibility of several onsite 
treatment technologies (i.e., biodegradation, low - .  - 
temperature thermal desorption, asphalt 
stabilization. and soil vapor extraction) to treat 
contaminated soil. 

Agencies Having Jurisdiction Over 
the Project1 Types of Permits 
Required 

The lead agency for environmental activities is 
the California Environmental Protection 
Agency, Department of Toxic Substances 
Control (DTSC). The following other agencies 
have also provided regulatory oversight: 

The Monterey County Air Pollution Control 
District (MCAPCD) -air emissions, 
permits for soil aeration, soil treatment 
using LTTD 

DTSC - RCRA permits and site closure 

California Regional Water Control Board, 
Central Coast Region (RWQCB) - 
protection of groundwater and surface water 

* DTSC and the California Highway Patrol - 
hazardous waste transportation 

The California Department of Fish and 
Game and the US. Fish and Wildlife 
Service - protection of sensitive habitats 
and rare or endangered species, incidental 
take permits 
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Appendix D 

Monterey County Department of Health 
Services - well permits, UST removal 
oversight, closure of UST sites 

State Historical Preservation Office - 
protection of cultural resources and 
historical artifacts 

The California and federal Occupational 
Safety and Health Administrations - 
standards for worker protection 

D2.0 PROGRAMCONTACTS 

ProgramlRegion Approving Project 

Department of Toxic Substances Control 
Site Mitigation Program 
Ofice of Military Facilities 
Northern California Operations 

Contact Person/Address/Phone 
Number 

Mr. John Harris 
Department of Toxic Substances Control 
1015 1 Croydon Way, Suite 3 
Sacramento, CA 95827 
(916) 255-3683 

D3.0 ENVIRONMENTAL 
CONDITIONS 
POTENTIALLY 
AFFECTED 

The boxes checked below identify 
environmental factors potentially affected by 
this project. 

Earth 
Air 
Surface and Groundwater 
Plant Life 
Animal Life 
Land Use 
Natural Resources 
Risk of Upset 
Transportation/Circulation 

Public Services 
Energy 
Utilities 
Noise 
Public Health and Safety 
Aesthetics 
Cultural/F'aleontological Resources 
Cumulative Effects 
Population 
Housing 
Recreation 

The following sections provide information for 
the above environmental factors. 

D4.0 ENVIRONMENTAL 
SETTING /IMPACT 
ANALYSIS 

D4.1 Earth 

D4.1.1 Description of 
Environmental Settings 

Existing Fire Drill Bum Pit 

See Section 4.1.1 for site description and 
history. 

Site 85 

See Section 4.2.1 for site description and 
history. 

Building 290 Area 

See Section 4.3.1 for site description and 
history. 

Building EXP 52/57 

See Section 4.4.1 for site description and 
history. 

Former PX Facility 

See Section 4.5.1 for site description and 
history. 

MAJNL56073PFHL 
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Appendix D 

D4.1.2 Nature and Extent of 
Contamination 

Existing Fire Drill Bum Pit: 

Former source areas at the EBP included the 
bum pit, the aboveground fuel tanks and piping, 
and the fog oil drum and metal disposal areas 
(Section 4.1 .I). A description of the 
investigations performed in these areas is in 
Section 4.1.4. 

Bum Pit: The bum pit was a 7,500-square- 
foot circular area with sparse vegetation, 
debris; and stained surface soil. The bum 
pit was used for burning fuels during 
firefighting training, approximately eight 
times per year. The bum pit was filled with 
several inches of water and then ignited. 
Residual fuel and water were left to 
infiltrate into the ground or evaporate. The 
burn pit was removed during an exploratory 
excavation program in 1994. 

Abovemound tanks and ~ i ~ i n q :  
Aboveground tanks and piping were located 
northeast of the bum pit. Tank capacities 
ranged from 700 to 1,400 gallons. 
Aboveground tanks and piping were 
removed prior to 199 1. Petroleum affected 
soil beneath the ASTs was removed as part 
of the pilot treatability studies in 1994. 

Buried drums: Crushed and empty drums 
were reportedly disposed in trenches at the 
EBP. These drums along with contaminated 
soil were removed in 1993 and 1997. 

Chemicals of Potential Concern (CPOCs) in 
Soil Profile: COPCs including extractable 
TRPH, BTEX, and SOCs were detected 
throughout the soil profile in all three 
source areas (burn pit, fuel storage, and 
drum/metal burial) (Section 4.1.6). These 
areas were subsequently excavated during 
several phases of investigation and 
treatability studies. Elevated metals, TRPH, 
BTEX, and SOCs have been detected in 
groundwater samples. Organic compounds 

have not been detected in groundwater 
samples following completion of soil 
excavation programs. Metals 
concentrations appear to be naturally 
occurring in groundwater at the EBP. 

Site 85 

Site 8J is located off of San Miguelito Loop 
(Plates 2 and I I )  and comprises three areas. 
Area I is a tracked-vehicle area still in use to 
park vehicles. Area I1 had a RCRA-permitted 
former waste oil tank and vehicle maintenance 
area and a RCRA-permitted hazardous materials 
storage area. Area 111 consists of an intermittent 
stream and constructed pond. Section 4.2.1 
describes these areas in more detail, and 
Section 4.2.4 summarizes remedial 
investigations performed in these areas. 

Soil samples containing TRPH at 
concentrations up to 2,700 mgkg have been 
detected in surface soil. Incidental leakage 
from vehicles at Area I will most likely 
continue while the site is in use. 

AreaII: DTSC has approved clean-closure 
of the site and closure of the RCRA permit. 

Area III: VOCs detected in soil and 
sediment include toluene, 4-methylphenol, 
acetone, dichloromethane, and 
dimethylphthalate. Acetone is probably 
from laboratory contamination. Reported 
concentrations were below PRGs. 

Groundwater: Benzene, toluene, MIBK, 
and TPH as diesel were detected prior to 
1993. Antimony, nitrate, and selenium have 
been detected in groundwater at 
concentrations exceeding MCLs. Antimony 
was probably present because of filters used 
to sample groundwater. It is believed that 
nitrate and selenium may be naturally 
occurring at the site and not the result of site 
activities. 

MAJm56073F-FHL 
June 30.2000 
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Building 290 Area 

The Building 290 Area is located within the 
former TEXCOM Experimentation Center 
(TEC) on Infantry Road, and was used for 
electronic manufacturing operations. It is now 
used for instrument fabrication and data storage 
(Plate 2). The area consists of two former 
RCRA-permitted sites: a hazardous materials 
storage area (including a former waste oil 
sump), and a battery acid neutralization pit 
(including piping from a former metal etching 
trailer). A summary of Remedial Investigation 
is in Section 4.3.4. 

Former Hazardous Materials Storage Area: 
Extractable petroleum hydrocarbons were 
detected at concentrations of up to 
1,200 mgkg. Concrete pads and soil in this 
area were removed as part of the treatability 
studies. Elevated levels of TRPH, VOCs, 
and SOCs were detected in soil below the 
former waste oil sump. The sump and soil 
were also removed during the treatability 
studies. DTSC has approved clean-closure 
of the site and closure of the RCRA permit. 

. Former Batterv Acid Neutralization Pit: 
TRPH was detected in one sample from the 
area, and several laboratory contaminants 
have been detected. Arsenic, beryllium, 
cadmium, and lead were detected in soil, but 
concentrations did not exceed PRGs. The 
acid pit, piping, and contaminated soil were 
removed in 1996 as part of closing the 
RCRA permit. DTSC has approved clean- 
closure of the site and closure of the RCRA 
permit. 

Groundwater: Organic compounds and 
metals have been detected intermittently in 
groundwater samples. COPCs include 
TRPH, TPH as fog oil, Ethylbenzene, 
xylenes, acetone, BEHP, di-n- 
butylphthalate, antimony, thallium, arsenic, 
and nickel. In the last four quarters of 
monitoring (1996), organic compounds have 
not been detected exceeding MCLs or 
PRGs. Thallium and arsenic appear to be 

naturally occurring in groundwater. Arsenic 
is probably a biproduct of filters used for 
groundwater sampling. Nickel is probably 
an artifact of materials used in the well 
screens. 

Building EXP 52/57 

Building EXP 52/57 is a vehicle maintenance 
facility on Mission Creek Road (Plate 2). Two 
waste oil containers were formerly located at the 
site, and a third waste oil UST and a grease rack 
were also used. Section 4.4.4 summarizes 
remedial investigations performed at the site. 

. Waste Oil Containers: Waste oil containers 
were removed in 1990. Investigation 
showed soil containing TPH, VOCs, and 
SOCs in soil below the tanks. This soil was 
subsequently removed in the treatability 
studies. Concentrations of TPH are present 
at 14.5 and 22 feet below ground surface. 

. Waste Oil UST and Grease Rack: The 
waste oil tank and grease rack were 
removed in 1991. TPH and SOCs were 
detected in soil below the UST. This soil 
was subsequently removed in the treatability 
studies. 

Groundwater: Prior to the treatability 
studies, TRPH, VOCs (benzene, toluene, 
xylenes, and PCE), and antimony were 
detected at concentrations that exceeded 
MCLs. During the last four quarters of 
monitoring (1996), organic compounds have 
not been detected above MCLs. Thallium is 
believed to be naturally occurring in 
groundwater. 

Former PX Facility 

The Former PX Facility (OPX) is located off of 
Mission Road, and was a former fueling station. 
It is now a paved parking lot area for the FHL 
Fire Station. Three 5,000-gallon gasoline USTs 
were removed from the site in 1991. A 
summary of remedial investigations performed 
at the site is in Section 4.5.4. 
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COPCs in Soil: Petroleum hydrocarbons, 
and ethylbenzene, toluene, and xylenes were 
detected in soil. A soil vapor extraction 
(SVE) system was installed in 1994 that 
treated contaminated soil. Elevated 
concentrations of propane were detected 
during the SVE study. Operation of the 
SVE system reduced propane concentrations 
to levels below the lower explosive limit. 

. Groundwater: Benzene has been detected in 
monitoring wells at or below the MCL since 
quarterly monitoring began in 1993. An 
evaluation was performed that assessed that 
this site qualified as low risk under 
RWQCB guidelines. 

due to the mountain ranges. Average annual 
rainfall in the western, mountainous portion of 
the installation is approximately 32 inches. In 
the flatter portions, the average annual rainfall is 
17 to 2 1 inches (HES, 1997). 

FHL is in the North Central Coast Air Basin 
(HLA, 1997~). The Monterey Bay Unified Air 
Pollution Control District has jurisdiction over 
air emissions. The air basin is classified as a 
maintenance area for federal ozone standards. 

Analysis of Potential lmpacts 

No additional action is proposed for the five 
sites. 

Analysis of Potential Impacts D4.3 Sur(ace and Ground 
Water 

No additional action is proposed for all sites. 
D4.3.1 Description of 

D4.2 Air Environmental Setting 

Description of Environmental 
Setting 

The following description applies to the five 
sites at FHL. FHL lies in Southern Monterey 
County, on the western edge of the Salinas 
Valley in the eastern foothills of the Santa Lucia 
Range (HES, 1997). The Coast Ranges to the 
east separate the site from the San Joaquin 
Valley microclimate. The Salinas Valley is a 
steep-sloped coastal valley that opens onto 
Monterey Bay and extends southeastward with 
mountain ranges of two to three thousand feet 
elevation on either side of the valley 
(HLA, 1998a). The 25-mile wide inlet of 
Monterey Bay allows marine air at low levels to 
penetrate to the interior valley. FHL has long, 
hot, dry summers and short, relatively wet 
winters (HES, 1997). Temperatures during the 
summer often exceed 100 degrees Fahrenheit, 
and diurnal variations up to 60 degrees are not 
uncommon. Winds are predominantly from the 
southeast during the winter and from the 
northwest during the remainder of the year 
(HLA, 1995~). These winds are strongest during 
the spring and summer. Rainfall varies widely 

Existing Fire Drill Bum Pit 

See Section 4.1.2. Water is considered potable. 

Site 85 

See Section 4.2.2. Water is considered potable. 

Building 290 Area 

See Section 4.3.2. Water is considered potable 

EXP 52157 

See Section 4.4.2. Water is considered potable. 

Former PX Facility 

See Section 4.5.2. Water is considered potable. 

Analysis of Potential lmpacts 

No additional action is proposed for the five 
sites. 
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D4.4 Plant Life 

D4.4.1 Description of 
Environmental Setting 

Appendix C contains a biological resource 
survey conducted at each of the five sites. 

Existing Fire Drill Bum Pit 

The site is primarily barren ground interspersed 
with ruderal vegetation. Non-native grassland 
occurs south, east and north of the site. Foothill 
pine-oak woodland grows along a hillside to the 
west. The southern corner of the site has several 
small colonies of purple needlegrass 
(Section 4.1.3). The needlegrass is considered a 
sensitive community based on its statewide 
decline. 

Site 85 

Section 4.2.3 summarizes sensitive species at 
the site. The northwest portion of the site has 
been developed with roads, parking areas, and 
buildings. Portions of the site not covered by 
impervious surfaces are either barren or 
colonized by ruderal vegetation. Non-native 
grassland occurs north, west, and southwest of 
this portion of the site, foothill pine-oak 
woodland occurs along the hillside to the east. 
The level of disturbances and the low quality of 
the vegetation limit wildlife use of the 
developed portion of the site. The likelihood 
that special-status taxa inhabit this area is low 
due to previous disturbances. Most of the native 
vegetation has either been removed or replaced 
with naturalized taxa adapted to disturbed 
conditions. As it passes through the developed 
area, the ephemeral drainage is a narrow incised 
channel with adjacent wetland vegetation. The 
southern portion of the channel broadens into 
wetland as it drains into the reservoir. Non- 
native grassland occurs west of the drainage and 
Foothill pine-oak woodland along the hillside to 
the east. The reservoir consists of open water 
surrounded by emergent wetland vegetation. 
This shoreline of this reservoir is dominated by 
monocots adapted to prolonged saturation such 

as broad-leaved cattail (Typha latifolia) and 
spike rush (Eleocharis macrostachya). 

Building 290 Area 

Section 4.3.3 summarizes sensitive species at 
the site. Building 290 Area consists of 
buildings, paved roadways, and parking lots, 
interspersed with patches of managed landscape 
and mature valley oak (Quercus lobata) trees. 
Developed areas with structures, associated 
landscaping, parking lots, and roadways provide 
opportunities for ruderal plants that tolerate high 
levels of human activity. 

The site is separated from blue oak woodlands 
to the north and east by developed lands and an 
8-foot-high chainlinkmarbed wire fence. Nearly 
pure stands of blue oak occur on well-drained, 
rocky, infertile soil where the water table is 
typically below the rooting depth of the trees. 
Plants that typify this community include an 
open canopy of blue oak with an understory 
composed primarily of wild oat, western fescue 
(Festuca occidentalis), and western poison oak. 
Oak trees form the base of a complex food web 
by providing pollen, acorns, leaves, twigs, and 
sap to a wide variety of resident and transient 
animals. 

Building EXP 52/57 

Section 4.4.3 summarizes sensitive species at 
the site. Ruderal vegetation occurs immediately 
east and west of the building complex, which is 
otherwise surrounded by non-native grassland. 

Former PX Facility 

Section 4.5.3 summarizes sensitive species at 
the site. Blue oak woodland and non-native 
grassland occur approximately 200 feet north of 
the site. 

Analysis of Potential Impacts 

No additional action is proposed for the fwe 
sites. 
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D4.5 Animal Life 

Appendix C contains a biological survey of 
sensitive species at each of the five sites. 

D4.5.1 Description of 
Environmental Setting 

Existing Fire Drill Bum Pit 

Animals associated with ruderal vegetation 
include California ground squirrel 
(Spermophilus beecheyi), killdeer (Charadrius 
vociferus), and coyote (Canis latrans) 
(HLA, 1995~).  Typical animals associated with 
grasslands include Botta's pocket gopher 
(Thomomys bonae), western meadowlark 
(SturneNa neglects), turkey vulture (Cathartes 
aura), and coyote. The foothill pine-oak 
woodland provides breeding and foraging 
habitat for animals associated with oaks 
(Quercus spp.), pines (Pinus spp.), and 
grasslands, such as coyote, California quail 
(CaNipepla californica), and white-crowned 
sparrow (Zonotrichia leucophtys). The 
likelihood of encountering special-status 
wildlife taxa at the Existing Fire Drill Bum Pit 
is considered low. 

Site 85 

Buildings onsite provide potential shelter habitat 
for several bat species with special status that 
have been reported in the vicinity of FHL. An 
ephemeral drainage and reservoir provide 
suitable breeding and foraging habitat for 
several amphibians and aquatic reptiles 
including the California tiger salamander 
(Almbystoma californiense), foothill yellow- 
legged frog (Rana boylei), red-legged frog 
(Rana aurora drqtoniz), and southwestern pond 
turtle (Clemmys marmoratapallida). Tricolored 
blackbird (Agelaius tricolor) may be attracted to 
the emergent vegetation surrounding the 
reservoir. 

Building 290 Area 

Develo~ed areas with structures. associated 
landscaping, parking lots, and roadways provide 
opportunities for wildlife that tolerate high 
levels of human activity. Ornamental trees and 
shrubs provide nesting and roosting habitat for 
passerine (perching) birds such as the scrub jay 
(Aphelocoma coerulescens), European starling 
(Sturnus vulmis), and house fmch (Carpodacus 
mexicanus). Buildings provide potential roost 
sites for bats such as the Pacific western big- 
eared bat (Plecotus t. townsendiz). Reptiles such 
as the western fence lizard (Scelopom 
occidentalis) also inhabit developed areas. 
Nearby blue oak woodlands may host animals 
including acorn woodpecker (Melanerpes 
formicivous), scrub jay, and columbian black- 
tailed deer (Odocoileus hemionus columbianus). 

Building EXP 52/57 

Animals expected to use this area are those 
typically associated with other developed lands 
at FHL. The likelihood that any special-status 
animal taxa occurs onsite is low because the site 
is developed, actively used, and completely 
surrounded by developed lands. An ephemeral 
drainage from the building complex conveys 
water to a small seasonal wetland 400 feet west 
of the site. This wetland may provide suitable 
habitat for California tiger salamander. 

Former PX Facility 

Animals expected to use this area are those 
typically associated with other developed lands 
at FHL. 

Analysis of Potential Impacts 

No additional action is proposed for the five 
sites. 

Harding Lawson Associates 



Appendix D 

D4.6 Land Use 

04.6.1 Description of 
Environmental Setting 

Real estate maps have been prepared as part of 
the FHL Master Plan (BPA, 1983). All five 
sites are located within an U.S. Department of 
Defense military reservation. Therefore, zoning 
and land use designations are not applicable. 

Analysis of Potential lmpacts 

No additional action is proposed for the five 
sites. 

D4.7 Natural Resources 

FHL has a Natural Resources Management Plan 
in place for the entire FHL facility (Jones and 
Stokes, 1994; HES, 1997). 

D4.7.1 Description of 
Environmental Setting 

All five sites are within the military 
reservations, which has a variety of natural 
resources (HES, 1997). They include gravel 
from river valleys, game wildlife, and fuel 
wood. Former resources included gold and 
cinnabar mining, and cattle grazing. Water 
resources include 30 reservoirs and five water- 
supply wells. Water and tree cover maps have 
been prepared as part of the FHL Master Plan 
(BPA, 1983). 

Analysis of Potential lmpacts 

No additional action is proposed for the five 
sites. 

D4.8 Risk of Upset 

D4.8.1 Description of 
Environmental Setting 

All five sites are within the FHL military 
reservation, which has several mitigation plans 
already in place (HES, 1997). They include a 

wildfue prevention program, integrated pest 
management program, hazardous substance 
management and spill control program, and 
range control. Adjoining properties to FHL are 
agricultural to the south and east and national 
forest to the north and west. 

Analysis of Potential lmpacts 

No additional action is proposed for the five 
sites. 

D4.9 Transportation1 
Circulation 

D4.9.1 Description of 
Environmental Setting 

Primary north-south access to FHL is by 
Highway 101 and County Road G14 
(HES, 1997). East-west access is by 
Nacimiento-Fergusson Road and Country Road 
G18. Within FHL, primary roads are Mission 
Creek, Del Venturi, and Infantry. FHL has no 
railroad, but does have several military aircraft 
landing strips. Airfield and road maps have 
been prepared as part of the FHL Master Plan 
(BPA, 1983). 

Analysis of Potential Impacts 

No additional action is proposed for the five 
sites. 

D4.10 Public Services 

0.4.10.1 Description of 
Environmental Setting 

All five sites are within FHL, a currently active 
military base. Water, sanitary sewer, electric, 
heating and fuel, telephone, storm drains, and 
utilities maps have been prepared as part of the 
FHL Master Plan @PA, 1983). 

Analysis of Potential lmpacts 

No additional action is proposed for the five 
sites. 

Harding Lawson Associates D-8 



Appendix D 

D4.11 Energy and Utilities 

D4.11.1 Description of 
Environmental Setting 

Site-wide electric, heating and fuel, and utilities 
maps prepared for the FHL master plan include 
the five sites (BPA, 1983). 

Analysis of Potential Impacts 

No additional action is proposed for the five 
sites. 

D4.12 Noise 

D4.12.1 Description of 
Environmental Setting 

Work has been completed at the five sites hence 
noise level evaluations do not apply. 

Analysis of Potential Impacts 

No additional action is proposed for the five 
sites. 

D4.13 Public Health and 
Safety 

D4.13.1 Description of 
Environmental Setting 

Completed mitigation measures at the five sites 
have eliminated associated risk to public health 
and safety except at ABP, where a restriction to 
industrial use will be placed in FHL's Master 
Plan. 

Analysis of Potential lmpacts 

No additional action is proposed for the five 
sites. 

D4.14 Aesthetics 

D4.14.1 Description of 
Environmental Setting 

Requesting closure for each of the five sites will 
not modify physical features and aesthetics. 

Analysis of Potential Impacts 

No additional action is proposed for the five 
sites. 

D4.15 Cultural1 
Paleontological 
Resources 

D4.15.1 Description of 
Environmental Setting 

FHL has a basewide Historic Preservation Plan 
(Biosystems, 1994), and has also performed a 
cultural resource survey at each of the five sites 
(Biosystems, 1993). The Cultural Resources 
Manager Office administers the plan, and 
provides archeological clearances for projects 
onsite. The State Historical Preservation Office 
has recorded two cultural resources at the 
former bum pit in the Abandoned Fire Drill 
Bum Pit site. The resources include a historic 
dump and dense prehistoric chert flake scatter 
from the Mission system of irrigation ditches. 
The site boundary of the historic dump lies 
approximately 50 meters southwest of the burn 
pit. The traces of the ditch system pass through 
the northeastern portion of the burn pit. 

Analysis of Potential Impacts 

No additional action is proposed for the five 
sites. 

Harding Lawson Associates 



Appendix D 

D4.16 Cumulative Effects 

D4.16.1 Description of 
Environmental Setting 

Soil, groundwater, and vadose-zone 
contamination has been mitigated at the five 
sites. Site closure will have no adverse 
environmental effects on natural resources. 

Analysis of Potential Impacts 

No additional action is proposed for the five 
sites. 

D4.17.1 Description of 
Environmental Setting 

FHL is an active military base. Closure of the 
five sites has the potential for a positive effect 
on availability of land for population/housing/ 
recreation in the future. 

Analysis of Potential Impacts 

Details of future land use at the five sites are 
uncertain at this time. No development is 
currently planned at any of the five sites. 

MAJ/YL56073F'-FHL 
June 30,2000 

Harding Lawson Associates 



APPENDIX E 

DTSC AND RWQCB'S COMMENTS AND RESPONSES 



W i n  H. Hickox 
Secretary for 
Environmental 
Protection 

Department of Toxic Substances Control 

Edwin F. Lowry, Director 
10151 Croydon Way, Suite 3 

Sacramento, California 95827-2106 
Gray Davis 
Governor 

March 16, 2000 

Mr. Gsry Houston 
United States Army Headquarters 
Attn.: AFRC-FMH-ENV 
Building 196 
Fort Hunter Liggett, California 93928-5000 

COMMENTS ON THE DRAFT REMEDIAL INVESTIGATIONIFEASIBlLlTY STUDY 
FOR SIX SITES - FORT HUNTER LlGGElT 

Dear Mr. Houston 

Enclosed are the Department of Toxic Substances Control's (DTSC)comments on the 
above referenced document, dated October 19, 1999, and received by DTSC on 
October 22, 1999. DTSC wishes to thank you for your patience regarding the review of 
this document. The Regional Water Quality Control Board, Central Coast Region has 
previously sent comments on this document under separate cover. 

If you have any questions regarding this letter, please contact me at (916) 255-3683. 

John Harris 
Hazardous Substances Scientist 
Federal Facilities Unit 

Enclosure 

cc: See next page. 

California Environmental Protection Agency 
@ Printed on Recycled Paper 



Mr. Gary Houston 
March 16,2000 
Page 2 

cc: Mr. Kevin Kratzke 
Regional Water Quality Control Board 
Central Coast Region 
81 Higuera Street, Suite 200 
San Luis Obispo, California 93401-5414 

Mr. John Erwin 
United States Army Corps of Engineers 
Sacramento District 
1325 J Street 
Sacramento, California 95814-2922 

Ms. Colleen Kassera 
Directorate of Public Works 
ATTN.: AFRC-FM-PWE-N (Kasera) 
2171 South 8th Avenue 
Fort McCoy, Wisconsin 54656-51 36 

Mr. Donald Smallbeck 
Harding Lawson Associates 
90 Digital Drive 
Novato, California 94949 

Mr. Michael Jacobvitz 
Harding Lawson Associates 
90 Digital Drive 
Movato, California 94949 



DTSC'S COMMENTS ON THE DRAFT 
REMEDIAL lNVESTlGATlONlFEASlBlLlTY STUDY REPORT 

FOR SIX SITES AT FORT HUNTER LIGGETT 
DATED OCTOBER 19,1999 

GENERAL COMMENTS: 

The document is very comprehensive and well written. It provides a very good 
summation of the site histories, investigative actions, risk assessments, and evaluation oiie~~~ptidnsio*-~-~nrrrPimBP),rAbbanndo"ed Fire Drill Burn 

Pit (ABP), Site 8J, the Building 290 Area, EXP 52/57, and the former PX Facility. 

Tables and Plates Sections: The readability and understanding of the information 
contained in this report would be improved by moving the tables of information for each 
site to the appropriate portion of the narrative text contained in Section 4. Plates 1 and 
2 (general site locations within Fort Hunter Liggett) should be moved to the Introduction 
(Section 1). Moving the plates showing the general site plan (Plates 4, 12, 15, 19, 35, 
and 43) and the pictures of activities at each site to the corresponding portions of the 
narrative text in Section 4 would improve the ability of lay persons to understand the 
material presented. 

SPECIFIC COMMENTS: 

Executive Summary, page x: Language that restricts the use of the ABP to 
non-residential purposes should be placed in the Base Master Plan as well as other 
locations. Additional discussions regarding the language, placement, and actions 
necessary to ensure that the land use restrictions are durable should be held as part of 
the development of a Record of DecisionlRemedial Action Plan for these sites. 
Note: Comment also applies to Section 5.0, page 73, paragraph 4. 

Section 2.1, page 3, paragraph 1: Specify that the approval of RCRA closure 
documents was issued by the Permitting Branch of DTSC. 

Section 4.1.5, page 26, line 5: The sentence that begins, "Although exposure to 
COPCs ...," is incomplete and requires additional language. 

Section 4.1.8.2, page 30, Metals: Additional language regarding the variability of 
background values should be added. The last sentence of this section should be 
revised to read," ... residual metal concentrations in soil are not considered to pose a 
risk to potential receptors." (Emphasis added) 



Section 4.1 B.2, page 31, VOCs: The text should state the beginning and ending dates 
of the last eight rounds of groundwater sampling. 
Note: Comment also applies to Section 5.1, page 75, Abandoned Fire Drill Burn Pit, 
paragraph 4. 

Section 4.2.9, page 39: Fort Hunter Liggett's proposal for No Further Action for the ABP 
was acceptable to the Regional Water Quality Control Board with regard to 
groundwater only. As previously noted, land use restrictions for non-residential use are 
required by DISC. 

Section 4.3.8.2, page 48, Area Ill: The purpose of the Feasibility Study is to 
recommend potential remedial actions for each site. The last sentence of this section 
should be rewritten to state that because soil and sediment samples had no reportable 
concentrations above PRGs, that "No further action is recommended." 

Section 4.3.8.2, page 48, Groundwater: Similar comment as above. "Remedial action 
for groundwater at Site 85 is not recommendedfor the following reasons ..." 

Section 4.3.8.2, page 48, Groundwater, bullet item #2: The text referring to nitrate 
levels is contradictory. The third sentences states that, "...none were statistically 
determined to be naturally occurring." The next sentence states that, "It is believed that 
elevated levels of nitrate are naturally occurring at Site 85." 
Note: Comment also applies to Section 5.1, page 77, bullet item #3. 

Section 5.1, page 80, bullet item #4: Please state the range of the dates of the 
groundwater sampling rounds. 



, 0 ' California Regional Water Quality Control Board 
Winston H. Hickox Central Coast Region 

Gray Davb 
Seu*ary fw 

Environmcnlol Intcrnct Adksr:  hhnp:/hwv~~1~b.cagov/-r~qcb3 Gowmor 

Proreclion 81 Higum Sutet, Suite 200, San Luis Obirpo, W i r n i a  93401-5427 
Phone (805) 549-3147. F A X  (809 5439397 

Dewmber 8,1999 

Mr. Gary Houston 
US Army HQ, Fort Hunter Liggett 
ATTN: AFRC-FMH-ENV 
Building 196 
Fon Hunter Liggen 
Jolon, California 93928 

Dear Mr. Houston: 

RE: FORT EUNTER LIGGETT; DRAFT REMEDIAL INVESTIGATION/FEASIBILITY 
STLTDY - EXISTING FIRE DRILL BURN PIT, ABANDONED FIRE DRILL BURN PIT, SITE 
SJ, BUILDING 290 AREA, EXP 52/57 AND FORMER PX FACILITY, FORT HUNTER 
LIGGETT, CALIFORNIA 

We have reviewed the Draji Remedial Investigotion/Fe(1sibii Studyfor the Existing Fire Drill Burn 
Pit, Abandoned Fire Drill Bum Pif Site &I, Building 290 Area, EXP 52/57 and the Former PX Facility 
prepared by Harding Lawson Associates dated October 19, 1999. The Remedial Investigation/Feasibility 
Study (RWS) summarized the investigations, pilot treatability studies, and removal actions performed 
on contaminated soil and gmundwater at the six listed sites at Fort Hunter Liggett. Remedial 
investigation and feasibility study activities were performed at the Existing Fire Drill Bum Pit (EBP), the 
Abandoned Fire Drill Bum Pit (ABP), Site 8J (S8J). Building 290 Area (290), EXP 5US7 (EXP), and 
Former PX Facility (OPX). Several phases of soil and groundwater remedial investigations were 
performed at the six sites. Human and ecological risk analyses were performed at each site along with 
biological resource studies. Analytical results were screened against screening action levels to assess the 
nature and extent of contamination to soil and groundwater. 

Based on the results of the evaluation, it was assessed that remedial actions would be required. Pilot 
treatability studies were performed at five of the six sites to evaluate the feasibility of several onsite 
treatment technologies to treat contaminated soil. After treatability studies were completed, site 
conditions were compared to no further action criteria developed to assess whether further remedial 
action was necessary. At all sites, no further action was proposed by the Amy. Regulatory agencies 
approved no further action at all sites except the ABP. Because dioxin concentrations in surface soil 
were above residential Preliminary Remediation Goals (PRGs) and below industrial PRGs, DTSC 
approved no further action provided that land use restrictions be made to preclude use of the site for 
residential purposes. Fort Hunter Liggett proposes to put language in their Master Plan to limit use of 
the site to industrial use. 

Cnlifornia Environmental Protection Agency 



December 8,1999 

Regional Board staff concurs with the major points of the report but recommends the following changes 
to the final document: 

Section 4.2.9 -Add "action" after "No further" in the fust line of this section. 

Section 4.6.6 Pilot Treatabilitv Studies - Replace "low temperature thermal desorption" for the first 
instance of asphalt stabilization and place LTTD in parenthesis. 

Table A. 1 - Change the title from Summary of Data Review and Revised COPC Selection, Fort Hunter 
LiggeIt to Summary of Data Review and COPC Selection, Fort Hunter Liggett 

Section 5.1.Remedial Investigation Summary - Last bullet item for Site 83. Please clarify the discussion 
regarding nitrate. The text states "Of the ten nitrate MCL exceedances, none were statistically 
determined to be naturally occurring. It is believed that elevated levels of nitrate are naturally occurring 
at Site 85." These statements appear to conflict. 

Include copies of theRegional Board's and DTSC's no further action letters in a new appendix. Since 
this may be the last document prepared for these sites, it would be useful for this document to be a 
complete record ofthe investigation, remediation and closure of these sites. 

DTSC may have additional comments on the document. 

If you have questions, please call Kevin Kratzke at 805-594-6195 or Gerhardt Hubner at 805-542-4647. 

Sincerely, 

U 
Roger W. Briggs 
Execurive Officer 

s:\dod&sp\kcvin\fon hunm IiggsttW six sites ri Ldoo  

cc: 

John Harris 
DTSC, Region 1 
101 51 Croydon Way, Suite 3 
Sacramento, CA 95827-2737 

John Erwin, USACE 
Sacramento District 
1325 J Street 
Sacramento, CA 95814-2922 

California Environmental Protection Agency 



Fort Hunter Liggett's Response to DTSC's Comments 
DTSC Letter to FHL Dated March 16,2000 

The following is Fort Hunter Liggett's (FHL's) response to the Department of Toxic Substances 
Control's (DTSC) comments on the Draft Remedial Investigation/Feasibilitv Studv for Six Sites. Fort 
Hunter ~ i g ~ e t t ,  dalifomia dated October 1999 (RIIFS). AS-requested in a I&M meeting dated November 
23, 1999 (meeting minutes attached), one of the sites, the Abandoned Bum Pit, has been removed from 
the RIFS. The DTSC sent comments on the RVFS in a letter to FHL dated March 16,2000. In the letter, 
the comments are broken up into general comments and specific comments. 

General Comments 

Comment: The readability and understanding of the information contained in this report 
would be improved by moving the tables of information for each site to the 
appropriate portion of the narrative text contained in Section 4.0. 

Response: Comment noted. The report has reorganized the report to include the pertinent tables and 
plates following each section. In the case of Section 4.0, the tables and plates follow 
each subsection. 

Specific Comments 

Comment: 

Response: 

Comment: 

Response: 

Comment: 

Response: 

Executive Summary, page x: Language that restricts the use of the ABP to non- 
residential purposes should be placed in the Base Master Plan as well as other 
locations. Additional discussions regarding the language, placement, and actions 
necessary to ensure that the land use restrictions are durable should be held as part 
of the development of a Record of DecisionlRemedial Action Plan for these sites. 
(Also applies to Section 5.0, page 73, paragraph 4). 

As discussed with DTSC in the RPM meeting November 23, 1999, the Abandoned Fire 
Drill Bum Pit (ABP) was removed from the report (meeting minutes attached). As a 
result, Section 4.2 - Abandoned Fire Drill Bum Pit and its associated tables and plates are 
no longer present in the report and this comment no longer applies. The ABP has been 
addressed in the PAM. 

Section 2.1, page 3, paragraph 1: Specify that the approval of RCRA closure 
documents was issued by the Permitting Branch of the DTSC. 

Comment noted. Text has been modified in this section per the above comment. 

Section 4.1.5, page 26, line 5: The sentence that begins, "Although exposure to 
CPOCs ...." is incomplete and requires additional language. 

Comment noted. Text has been modified to read: "Although exposure to COPCs in 
groundwater through ingestion of drinking water and inhalation of vapors is unlikely, 
possible health risks for the receptor were evaluated by comparing detected COPC 
concentrations with PRGs that address possible ingestion and inhalation." 

CC55845.DOC-CHRON 
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Comment: 

Response: 

Comment: 

Response: 

Comment: 

Response: 

Comment: 

Response: 

Comment: 

Response: 

Comment: 

Response: 

Section 4.1.8.2, page 30, Metals: Additional language regarding the variability of 
background values should be added. The last sentence of this section should be 
revised to read, "... residual metal concentrations in soil are not considered to pose a 
risk to potential receptors." 

Comment noted. Additional language regarding the variability of background values has 
been added, and the last sentence of the Section has been changed per the above 
comment. 

Section 4.1.8.2, page 31, VOCs: The text should state the beginning and ending 
dates of the last eight rounds of sampling. (Comment also applies to Section 5.1, 
page 75, ABP, paragraph 4). 

Text has been modified in the section to reflect that the sampling period ranges from 
January 1995 to December 1996. As specified in a previous response, the ABP site has 
been removed from this report so that the second part of the comment no longer applies. 

Section 4.2.9, page 39: Fort Hunter Liggett's proposal for No Further Action for the 
ABP was acceptable to the RWQCB with regard to groundwater only. As 
previously noted, land use restrictions for non-residential use are required by 
DTSC. 

ABP site has been removed from the report, so that this comment no longer applies 

Section 4.3.8.2, page 48, Area 111: The purpose of the Feasibility Study is to 
recommend ootential remedial actions for each site. The last sentence of this section 
should be rewritten to state that because soil and sediment samples had no 
reportable concentrations above PRGs, that "No further action is recommended." 

The text has been revised in accordance with the above comment. Note that because the 
ABP site has been removed fiom the document, Section 4.3.8.2 is now 4.2.8.2. 

Section 4.3.8.2, page 48, Groundwater: Similar comment as above. "Remedial 
action for groundwater at Site 8 J  in not recommended for the following reasons...". 

The sentence has been modified. (See new Section 4.2.8.2.). 

Section 4.3.8.2, page 48, Groundwater, bullet item #2: The text referring to nitrate 
levels is contradictory. The third sentence states that, "...none were statistically 
determined to be naturally occurring." The next sentence states that, "It is believed 
that elevated levels of nitrate are naturally occurring at Site 8J." (Comment also 
applies to Section 5.1, page 77, bullet item #3.) 

Comment noted. Text has been revised to read: "...Of the ten nitrate MCL exceedances, 
none were determined to be statistically different from the background values. It is 
believed that elevated levels of nitrate are naturally occurring at Site 8J.. . " (See new 
Section 4.2.8.2.) 

CC55845.DOC-CHRON 
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Comment: Section 5.1, page 80, bullet item #4: Please state the range of the dates of the 
groundwater sampling rounds. 

Response: The bullet has been revised to reflect sampling round date ranges from September 1996 
to July 1997. 

Additional Changes 

Text regarding the ABP site in Appendix D has been removed. 

CC55845.DOC-CHRON 
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For t  Hunter  Liggett's Response to RWQCB's Comments 
RWQCB Letter Dated December 8,1999 

The following is Fort Hunter Liggett's (FHL's) response to the Regional Water Quality Control Board, 
Central Coast Region's (RWQCB's) comments on the Draft Remedial Investigation/Feasibility Study for 
Six Sites, Fort Hunter Liggett, California dated October 1999 (RIiFS). As requested in an Remedial Project 
Manager (RPM) meeting on November 23,1999, one of the sites, the Abandoned Fire Drill Bum Pit, has 
been removed from the RVFS. The RWQCB sent comments on the RUFS in a letter to FHL dated 
December 8, 1999. 

Comment: Section 4.2.9 -Add "action" after "No further" in the first line of this section. 

Response: Changes to the text were made in accordance with the comment. 

Comment: Section 4.6.6 Pilot Treatabiitv Studies - Replace "low temperature thermal 
desorption" for the first instance of asphalt stabilization and place LTTD in 
parenthesis. 

Response: Changes to the text were made in accordance with the comment. 

Comment: Table A.1- Change the title from Summary of Data Renew and Revised COPC 
Selection, Fort Hunter Liggett, to Summary of Data Review and COPC Selection, Fort 
Hunter Liggett. 

Response: Changes to the table were made in accordance with the comment. 

Comment: Section 5.1 Remedial Investieation Summary - Last bullet item for Site 85. Please 
clarify the discussion regarding nitrate. The text states "Of the ten nitrate MCL 
exceedances, none were statistically determined to be naturally occurring. I t  is 
believed that elevated levels of nitrate are naturally occurring a t  Site 85." These 
statements appear to conflict. 

Response: Comment noted. Text has been revised to read: "...Of the ten nitrate MCL exceedances, 
none were determined to be statistically different from the background values. It is believed 
that elevated levels of nitrate are naturally occurring at Site 8J.. ." (See new Section 
4.2.8.2). 

l o f l  



Meeting Minutes 

Subject: Fort Hunter Liggett RPM Meeting Minutes 
Date: Tuesday, November 23, 1999 
Time: 1300 hours 
Location: Fort Hunter Liggett, Fire Station 

Attendees: 

John Harris, DTSC Michael Jawbvitz, HLA 
Hector Hernandez, RWQCB Donald Smallbeck, HLA 
Kevin Kratzke, RWQCB Gary Houston, FHL 

Discussion of agenda items, and action items: 

Program Overview: Mr. Houston provided an overview of FHL's environmental 
program. The deliverable schedule was discussed. 

FHL Landfill: The current status of RWQCB's review of the Final Feasibility Study was 
discussed. Mr. Kratske stated that he had prepared a letter approving the report, and the 
letter was being reviewed by RWQCB management. Mr. Kratzke stated that he believed 
that capping the landfill would do more than anything to reduce the TCE plume. 

Mr. Hernandez asked if FHL was on track to complete the cap by October 2000. Mr. 
Houston stated that he has not received all the funds necessaly to complete the cap by 
October 2000, but as a worst case scenario, FHL would complete capping of the landfill 
cells upgradient of the TCE plume by October 2000. Mr. Hernandez said that if FHL 
wants to revise the schedule, FHL needs to request the change in a letter to the RWQCB. 
Mr. Hernandez also requested that FHL provide a letter to the RWQCB summarizing the 
status of landfill closure activities completed to date. Mr. Houston said that a summary 
letter could be prepared and submitted to the RWQCB by December 25. 

Action: By December 25, FHL will provide a letter to the RWQCB summarizing the 
status of landfill closure activities. 

Underground Storage Tanks (USTs) Sites: Results of the groundwater investigation 
performed at Buildings 176, 313, and 258 were discussed. FHL has received closure from 
the Monterey ~ o u n & ~ e ~ a r t m e n t  of Health (MCDOH) regarding removal of the USTs 
and contaminated soil at all three sites. HLA presented results from HydroPunch samples 
collected at all three sites. HLA had received verbal approval from Mr. Hernandez that 
analytxal results from samples collected at Buildings 176 and 3 13 indicated that these 
sites could be closed. This was confirmed at the meeting by Mr. Hernandez. 

Analytical results from the investigation at Building 258 show elevated levels of total 
petroleum hydrocarbons (TPH) as gasoline, and benzene, toluene, ethylbenzene, and 
xylenes (BTEX) in groundwater south of the former pump islands. HLA proposed 
collecting 4 to 6 more HydroPunch samples in the area south and east of the pump islands 
to characterize the lateral extent of the groundwater plume in this area. It was agreed that 
HLA would prepare a report summarizing the results of the investigation at the three sites. 
The report will include recommendations for additional investigation at Building 258. 



Actions: HLA will prepare a letter report on behalf of FHL that summarizes the results of 
the groundwater investigation at the three sites, and proposes locations for additional 
investigation at Building 258. 

Building 194: HLA presented the results of the groundwater investigation at Building 
194. Although preliminw results indicate that the extent of the groundwater plume has 
been identified, it was agreed that 3 additional borings would be installed downgradient of 
the plume prior to installing monitoring wells. Based on these results, two monitoring 
wells will be installed. One well will be installed downgradient of the plume, and the other 
well will be installed near 194-HP-33. 

HLA also discussed FHL's plan to perform a pilot study to assess the effectiveness of 
using oxygen releasing compound (ORC) to enhance biodegradation that is naturally 
occuning within the plume. It was agreed that HLA would prepare a short work plan 
letter to the RWQCB that outlines the swpe of the study. 

Actions: HLA will: 

> Summarize the results of the groundwater investigation in an appendix to the Fourth 
Quarter Groundwater Monitoring Report due to the RWQCB on January 30 

> Transmit proposed locations for the additional borings and monitoring wells to the 
RWQCB 

P Submit a work plan letter to the RWQCB for performing the pilot study to assess the 
effectiveness of using ORC to enhance biodegradation. 

RIlFS Reoort: Mr. Harris stated that he had not completed his review of the Draft RVFS 
Report. He stated that he had discussed closure of the sites with his management, and 
stated that all sites that had received No Further Action letters from DTSC (i.e., the 
Existing Fire Drill Bum Pit, Site SJ, Building 290 Area, EXP 52/57, and the Former PX 
Facility) could be approved for closure without preparing a Proposed Plan (PP) and 
Record of Decision (ROD). He stated that the Abandoned Fire Drill Bum Pit (ABP) and 
Pesticide Mixing Area (PMA) sites could not be closed at this time because these sites had 
contamination in place above either residential or commercial action levels. 

It was agreed that the Draft RI/FS Report would be revised to include only the Existing 
Fire Drill Bum Pit, Site 8J, Building 290 Area, EXP 52/57, and the Former PX Facility 
areas only. A separate feasibility study report would be prepared for the ABP and PMA 
sites. A PP and ROD would be required for closure of these two sites. Mr. Kratzke stated 
that it would also be helpful to add an appendix to the RI/FS Report that contained copies 
of regulatory correspondence approving closure of the sites. HLA agreed to send a copy 
of the letters and a revised table of contents to regulatory agencies. 



Actions: 

> HLA will send RWQCB and DTSC an appendix that contains regulatory closure 
letters for sites contained in the RVFS 

> DTSC will provide comments on the Draft RI/FS Report prior to its revision. 

SWMU Re~or t :  HLA discussed organization and draft tables and plates from the 
preliminary assessment/site investigation (PNSI) report for the SWMUs and AOCs listed 
in EPA's RFA Report. Mr. Harris approved the way the report was organized. 



APPENDIX F 

REGULATORY CLOSURE LETTERS 



STATE O f  C A L I F ~ N I A - C N V I R O N M E N T A L  PROTECTION AGENCY PETE W I L S O N  Carrrnor 

DEPARTMENT OF TOXIC SUBSTANCES' CONTROL 
R E G I O N  1 
10151 C R O Y D O N  W A Y ,  SUITE 3 

7RAME~. IT0 .  C A  95827-2106 

(916) 255-3565 

January 3, 1995 

Mr. Randy Hanna 
Army-Point of Contact 
CDR I Corps & Fort Lewis 
AFZH-DEQ (Mr. Hanna) 
Fort Lewis, Washington 98433-5000 

DEPARTMENT OF TOXIC SUBSTANCES CONTROL LEAD AGENCY DESIGNATION 

Dear Mr. Hanna: 

On September 20, 1993, the California Environmental 
Protection Agency (Cal/EPA) designated the Department of Toxic 
Substances Control (Department) to be California's multimedia 
regulatory lead for cleanup at all military bases. This lead 
agency designation became effective for all active Defense and 
State Memorandum of Agreement (DSMOA) California military 
installations on July 1, 1994. 

In this lead agency role, the Department will provide 
regulatory oversight and ensure coordination of all remedial 
activities at these facilities with other State agencies. In 
addition, the Department will be responsible for administering 
the statewide DSMOA Grant. This responsibility will include 
ensuring that all State requirements are met, that remedial 
activities are DSMOA Grant eligible and are conducted consistent 
with the multimedia Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA) process, and 
providing the funding to the other support agencies for their 
involvement in these activities. The Department is currently 
developing interagency agreements with other State and local 
agencies to ensure their involvement and the military will be 
required to coordinate any remedial activities with these 
agencies through the Department. 

Although the Central Coast Regional Water Quality Control 
Board (RWQCB) has been and will continue to be involved with 
remedial activities at the U.S. Army Fort Hunter Liggett Facility 
(Facility), the Department, as noted above, will be the lead 
State agency for this Facility. 



Mr. Randy Hanna 
January 3, 1995 
Page Two 

The Department is coordinating efforts with the RWQCB 
pursuant to Cal/EPA1s September 20, 1993, memorandum entitled 
"The Department of Toxic Substances Control Lead Designation for 
California Military Base Cleanup." A copy of that memorandum is 
enclosed for your reference. If circumstances arise that may 
necessitate deviation from the guidance in the memorandum, the 
Department will meet with the Facility and the RWQCB to discuss 
any proposed changes. 

In addition to the coordination efforts provided in 
Cal/EPA1s memorandum, the Department anticipates the following at 
the Facility: 

1. The Facility will send the Department, and continue 
sending the RWQCB, copies of all documents and 
correspondence pertaining to remedial activities at the 
site; 

2. The Department and the RWQCB will coordinate a11 
correspondence and responses prior to sending them to 
the military to ensure a unified State position; and 

3. The Department plans to meet with the Facility staff 
and the RWQCB to discuss past and ongoing activities 
and establish a plan of action for future coordination 
efforts. 

The Department's Remedial Project Manager (RPM) for the 
Facility is Mr. John Harris, who can be reached at 
(916) 255-3683. The RWQCBrs RPM is Ms. Diane Nork, who can 
be reached at (805) 542-4637. 

Additionally, the Department would like to request that you 
identify staff for the military currently involved in remedial 
activities at this Facility. 

The Department hopes that this letter clarifies its role in 
the remedial activities at this Facility. We look forward to 
continuing to work in a cooperative manner with the U. S. Army 
and the RWQCB to remediate any contamination at this Facility. 

W l b  
EH16W.114,TMl 



Mr. Randy Hanna 
January 3, 1995 
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If you have any questions or wish to discuss this further, 
please contact Mr. Eric Hong, of my staff, at (916) 255-3571. 

Sincerely, 

7 L--~nthony& Landis, P.E. 
Chief, o thern California Operations 
Office of Military Facilities 

Enclosure 

cc: Ms. Diane Nork 
California Regional Water Quality Control Board 
Central Coast Region 
81 Higuera Street, Suite 200 
San Luis Obispo, California 93401-5414 

Mr. Charnj it Bhullar 
Environmental Protection 
Department of the Army 
Headquarters 
Attn: AFZW-HL-DE 
Fort Hunter Liggett 
Jolon, California 93928 

Ms. Cherry Padilla 
Facility Permitting Branch 
Department of Toxic Substances Control, Region 2 
700 Heinz Avenue, Suite 200 
Berkeley, California 94710-2737 

Ms. Judy Soutiere 
U. S. Army Corps of Engineers 
Sacramento District 
1325 J Street 
Sacramento, California 95814-2922 

W l b  
EHl6W.l l4llWl 



Mr. Randy Hanna 
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cc: Mr. Michael Jacobvitz 
Harding Lawson Associates 
P. 0. BOX 6107 
Novato, California 94948 

Ms. Lynne Baumgras 
Ecology and Environment, Incorporated 
1967 North Gateway 
Fresno, California 93727 

Ms. Diane Nordstrom 
California Integrated Waste Management Board 
8800 Cal Center Drive 
Sacramento, California 95826 

Mr. John C. Ramirez 
County of Monterey 
Department of Health 
1180 Broadway 
King City, California 93930 



California Environmental Protection Agency 

Pet2 W i n  
Grrm 

TO: Dtecutiv. o i i i c s r  /R m m t  Directors 

=OM: 
Secre+ary onmanta1 pro tec t ion  

*I 

DATE: SEP2Om 

Governor Pete Wilson places a high p r i o r i t y  on the ucpcditod 
cleanup of a l l  military baser,  especially those t h a t  arm s l a t r d  
f o r  c losure  and subsequent economically s t imulat ing reuso. The 
Cal i forn ia  &vironmental Protect ion Agancy (Cal/LPA) is committed 
to f inding ways t o  streamline and cmtralize coordination and 
d e c i s i o n - d i n g  f o r  Cal i fornia  mnvironmental regulatory a q e n c i u .  

I t e c s n t l y  designated David H a n g ,  C h i d  of the 8.64 ClOSUTC 
Branch i n  the D e p a m e n t  of Toxic subs+ancss Control 's Site 
Xi t iga t ion  P r m  ( D m p m e n t ) ,  t o  ba the s i n g l e  Cal/EPA p o i n t  
of contact  f o r  a11 i ssues  involving c losu re  of n i l i t ~ r y  bases .  

To f u r t h e r  streamline and consol ida te  C . l / E P A  regula tory  
o f f o r t s ,  I am dec ima t ing  the Department t o  be Ca l i fo rn ia ' s  
mu timedia regulatory load a t  a lL  c los ing  m i l i t a x y  bases. The 
D e  h rtment w i l l  proxidm f u l l  mer.clico rogulatozy overs ight  
including remedial p ro jec t  sanagrment, publ ic  pa r t i c ipa t ion ,  
environmental assmss~aent and rmuse, r i s k  assmssment, and a l l  
o t h e r  ceerdination a c t i v i t i e s ,  T86s w i l l  ensure conaietent  
appl ica t ion  of Cal i fornia  environmental s t a t u t e s  and regulations 
and provide a s i n g l e ,  unif i8d voice  f o r  all -~ /DA r e g u l a t o r y  
depar tnents  and boards. The Depa*entls lead role funct ion vill 
h s h i l a r  t o  +he vay t h e  Superfund Propr.m w r k s  v i t h i n  the 
U. 5. &nvironmental Protect ion Agency. 

The Depar tsmt  shall be the s o l e  adnin ig t ra tor  f o r  the  
f e d e r a l  ~ e f a n s e / ~ t . t e  Hunorandum of Agreement (DSmA) monies 
provided f o r  Cal i fornia  rogulatorml o v u s i g h t  a t  contaminated 

' m i l i t a r y  i n s t a l l a t i o n s .  E f f o r t s  upended  by other s a t e  and . 
l o c a l  environmental agencies to i d e n t i f y  laws and rmgulations 
cr i t ical  t o  the m i l i t a r y  i n s t a l l a t i o n  cleanup can be rmimbursed 
by these f ede ra l  DSMOA funds. 



~ ~ 6 5 %  ve Officers and Department Directors 

Page Two 

The following nev regulatory streamlining process will 
assure that the statutes and regulations of a11 Cal/EPA 
regulatory departments and boards are applied in the cleanup of 
California military installations: 

1. The Department will request that all state and local 
California regulatory agencies provide site specific 
applications of their individual statutes and 
regulations at the beginning of, and at critical 
decision points in the cleanup process. 

2.  The Department vill ensure that these statutes and 
regulations are addressed in the decision-making 
process for site specific remedial actions. 

3. All site specific correspondenca will k rent to the 
Department by an agreed upon deadline for timely 
incorporation into a single Cal/EPA communication to 
the individual military installation. No separate 
comments or position statements will be made by any 
other Cal/EPA department or board to any military 
installation. 

4 .  California regulatory departments and boards vill 
receive DSHOA funding for their cite specific 
regulatory efforts through interagency agreements vith 
the Department. The funding allocations will bt jointly 
determined by the Base Cleanup Team based on statutory 
requirements and t h e  availability of federal DSXOA 
funding. 

5 .  If an individual Cal/EPA department's or hard's 
regulatory requirements cannot be integrated into the 
site specific remedial action to that department's or 
boards1 satisfaction, an expedited internal dispute 
resolution process will b. triggered at the earliest 
possible point in the process. The appropriate second 
level supervisors of the Department and t h e  disputing 
party should resolve disputes within one veek after the 
dispute resohtion process is invoked. If the dispute 
cannot be resolved at the second level supervisors1 
level, the Department's Director shall meet with the 
Director or Executive Officer of t h e  disputing 
department or board within one veek. If agreement . 
cannot be reached within two weeks after the dispute is 
raised to the Director's level, the Secretary of 
Cal/EPA will make the final decision on the issue. 



Executive Officers and Departdent Directors 

The Department vill provide a monthly report to the 
Office of the Secretary of Cal/EPA on the 
implementation of t h e r e  strealrlining proeodurms, 
including an accounting of any delays. 

Tbe Department vill provide 8 single, unified voice for 
statewide military cleanup iesues in +ha areas of State 
and federal legislation and coordination vith other 
frderal agencias and national aesociatione. 

Each California regulatory agency responsible for site 
specific rtatutes and regulations &pplioable to 
military base chanup will enter into or update a 
memorandun of undarstanding and/or an interagency 
agreement vith the Department to detail how the above 
procedures vill k hplrmented urd hov payment for 
servic~s will be nade. 

To bc consistent v i a  President Clinton's Five Point Plan t o  
expedite cleanup and rouse of closing bases, this lead 
designation and centralizmd coordination vill begin immediately 
for California's closing bases. lor Woffett Field Haval Air 
Station, Hamilton Army Air field and San Dieoo Naval Training 
Center, the ~e~attmenc shall closely coordinate vith M e  state 
Water Resources Control Board and the Regional Water Quality 
Control Boards to transition M e  overall lead to the Department. 
Please take the necessary action t o  ensure that th is  process 
shall be fully implemented by December 31, 1993. 

To provide a uniform and consistent approach, Cal/EPAVr lead 
designation to the Beparbent shall be extended to all DSHOA 
California military installations. Please ensure that this 
transition is completed by June 30, 1994. 

Full cooperation from all Cal/EPA regulatory departments and 
boards is of the utmost inportance, so that thie rtguhebery 
streamlinfng process can expedite the cleanup and reuse of 
military bases in California. 

Zf you have any questions, please contact Richael Xahoe, 
Assistant Secretary, at (916) 322-5844. 



State of California PETE WILSON, Governor 

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD -- 
CENTRAL COAST REGION 
81 Higuera Street, Suite 200 
San LUIS Obispo, CA 93401-5414 
(805) 549-3147 

March 01,1996 

Charnjit Bhullar 
HQ US Army, Fon Hunter Liggett 
ATTN: AFRC-FMH-ENV 
Building 196 
Fort Hunter Liggett 
Jolon, CA 93928 

Dear Mr. Bhullar: 

DUD - FORTHUh'TER LIGGETT; W E R G R O L L W  WASTE OIL T m K  
INKESTIGATION, SITE 85, ADDEhDUM TO 
INVESTIGATION OF EIGHT SITES, FORT 
HUNTER LIGGETT, CALIFORNU, (Draft, 
Janualy 6,1995, and Final, November 20,1995) 

The above-referenced Site 83 Waste Oil Tank Invesrigations (Draft and Final) prepared 
by Harding Lawson Associates and received February 7, 1995 and December 27, 1995, 
respectively, hwe been reviewed. The attached comments reflect the Regional Water 
Quality Control Board (RWQCB) and the Department of Toxic Substances Control's 
combined concerns. Please note that Hector Hernandez is the RWQCB Fort Hunter 
Liggett Remedial Project Manager. Therefore, if you have any questions regarding the 
attached comments, call H- at 005) 542-4641 or John Harris at f2I-Q 
255-3683. 

Sincerely, 

R ~ G E R  W. BNGGS 
Executive OfYicer 



Attachment: Combined State Commentsl Underground Waste Oil Tank Investigation, 
Site 8J, Addendum to Investigation of Eight Sites, Fort Hunter Liggett, 
California, (Draft, January 6, 1995, and Final, November 20, 1995) 

c: Mr. John Harris 
DTSC, Region 1 
10 15 1 Croydon Way, Suite 3 
Sacramento, CA 95827-2 106 

Mr. John Ramirez 
County of fvlonterey 
Depamnent of Health 
1180 Broadway 
King City, CA 93930 

Mr. Dan McMides 
USACE 
Sacramento District 
1325 J Street 
Sacramento, CA 95814-2922 

Mr. Michael Jacobvia 
Harding Lawson Assoc 
P.O. Box 6107 
Novato, CA 94948 



Forr Hunter Ligoen - Pngc 1 or 1 - 
Site 81 Wnsrr Oil Tank lnvntigntion 

COMBINED STATE COMMENTS 
UNDERGROUND WASTE OIL TANK INVESTIGATION 

SITE 85, ADDENDUM TO INVESTIGATION OF EIGHT SITES 
FORT HUNTER LIGGETT, CALIFORNIA 

(Draft, January 6,1995, and Final, November 20,1995) 

As discussed during several previous meetings, ~e Department of Toxic Substances Control 
@TSC) and the Regional Water Quality Control Board (RWQCB) believe the basewide soil 
background investigation did not adequately define inorganic parameters' background threshold 
values. Therefore, DTSC and the RWQCB (the State) cannot grant final approval to FHL for 
Site 81's c!osuie until an adequate korganic soil background evaluation is conducted. The Stare 
recommends such an evaluation for the waste oil tank area be combined with Site 8J's RCRA- 
permitted site closures. 

Although the soil investigation surrounding the alleged waste oil tank seemed reasonable based 
on Ms. Claire Murdo's recollection, it seems highly unusual that an underground storage tank 
(LJST) would be placed on a hillside. We recommend additional research be conducted 
regarding other possible waste oil tank locations andlor UST removal documentation. 

There are several references to preliminary remediation goals (PRGs); however, there is no 
justification for the PRGs. Neither is there a table clearly listing PRGs. Keep in mind that the 
State has not yet established cleanup levels with respect to Fort Hunter Liggett site closures 
(RCRA or other sites). Combining this fact with the State's dissatisfaction with the soil 
background investigation indicates that site closure discussions based on PRGs and loosely 
defined background threshold value comparisons is of little value. 

It is stated on page 6 of the fmal waste oil tank investigation report that "mt is recommended 
that a petition for closure of this former waste oil tank be submitted to Monterey County 
~ e ~ a r t & e n t  of Environmental Health and the California Environmental protection ~ ~ e n c ~  
Department of Toxic Substances Control." FHL should be aware of the following issues: 

DTSC and RWQCB are two of six "CalEPA" agencies. 

Becauie ground water has apparently not been impacted by the alleged hillside waste oil 
tank, Monterey County Department of Environmental Health is technically the primary 
regulatory agency for Site 8J's waste oil tank issue. If ground water had been clearly 
impacted, or even suspected to be impacted, the RWQCB would have assumed the lead 
agency role. However, a s  stated in Comment No. 1, the State recommends that Site 8 7 s  
waste oil tank site and RCRA issues be addressed simultaneously. Therefore, DTSC, 
RWQCB, and Monterey County requirements must be satisfied for the entire site's closure. 



Stab of California P E E  WILSON. Governor 

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD - 
CENTRAL COAST REGION 
I Higuera Street. Suite 200 

San Luis Obispo, CA 93401-5414 
(805) 549-3147 

March 0 1, I996 

Chamjit Bhullar 
HQ US Army, Fort Hunter Liggett 
ATIN: AFRC-FMEI-ENV 
Building 196 
Fort Hunter Liggett 
Jolon. CA 93928 

Dear Mr. Bhullar: 

DOD - FORT HUNTER LIGGETT; INVESTIGATION OF EIGHT SITES, FORTHUNTER LIGGETT, 
C4LIFORhZ4, Volumes I - VII, Find, March 24, I995 

The above-referenced investigation report (Report) prepared by Harding Lawson Associates and received April 
14, 1995 has been reviewed. The following comments reflect the Regional Water Quality Control Board's 
(RWQCB's) and the Department of Toxic Substances Control's (DTSC's) combined concerns. 

The Report generally appears acceptable. However, as discussed during several previous meetings, DTSC and 
the RWQCB (the State) believe the basewide soil background investigation did not adequately define inorganic 
parameters' background threshold values. Prior to obtaining RCRA-permitted site closures, Fort Hunter Liggett 
must address soil background to the State's satisfaction, and adequately satisfy characterization requirements 
noted in RWQCB's letters dated September 29, 1995 (Notice of Violation letter) and February 27, 1996. 

If you have any questions regarding this letter, call Hector Hernandez at @051 542-4641 or John Harris at 
155-3683. 

Sincerely, 

f;to R&ER W. BRIGGS 
Executive Officer 

c : Mr. John Harris Mr. Dan McMindes Mr. Michael Jacobvin 
DTSC, Region 1 USACE Harding Lawson Assoc 
10151 Croydon Way, Suite 3 Sacramento District P.O. Box 6107 
Sacramento, CA 95827-2106 1325 J Sneet Novato, CA 94948 

Sacramento, CA 958 14-2922 
HH\invr~crnrdoc 
HHH:DaDFHLIX 



August 19, 1996 

io151 croydon wq Mr. Charnj it Bhullar 
Svirr 3 U.S. Army Eeadquarters 

S O C ~ ~ C N O .  C4 Attention: AFRC-FMH-ENV 
95827-2106 Building 191 

Fort Hunter Liggett, California 93928-5000 

CLOSURE REPORT: SOIL VAPOR EXTRACTION PILOT TREATABILITY 
STUDY, OLD PX FACILITY, FORT HUNTER LIGGETT 

Dear Mr. Bhullar: 

The Department of Toxic Substances Control (DTSC) 
and the Regional Water Quality Control Board (RWQCB), 
Central Coast Region have reviewed the above referenced 
report, dated June 12, 1996 and received by DTSC on 
June 17, 1996. The report consists of a narrative 
description of activities and the results of confirmation 
soil samples taken after the conclusion of remedial 
activities. 

After completing our review, DTSC concurs with the . . 
RWQCB' s opinion that the ~i1o.t t r - t w  study .has 
successfuliv remediated the c o n c e n t r 3 a ~ f  co_ntamina.n~ 
in soil to levels below the esab-d cleanuo levels. 
Remedlal acJivities are no longer required at this 
fdcliity. 

However, both DTSC and the RWQCB are concerned about 
the residual concentrations of propane that ~emain in t,he 
soil. We understand that Fort Hunter Liggett (FHL) has 
taken action to repair the damaged pipeline that is 
believed to be responsible for the propane leaking into 
the soil. By removing the source of contamination, 
residual concentrations in the soil should decrease with 
time. From a health and safety standpoint, it would be 
prudent of FHL to monltor che pro~ane-concentrations in 
soil to confirm if this is indeed happening. 

Peie Wkoo 
Governor 

James .U Srrock 
Secrerary for 

Envzromnta~ 
Prorecnon 



Mr. Charnj it Bhullar 
August 19, 1996 
Page Two 

If you have any questions regarding this letter, 
please contact Mr. Hector Hernandez, of the RWQCS, at 
(805) 542-4641, or Mr. John Harris, of my staff, at 
(916) 255-3683. 

Sincerely, 

Chief 
~ederabacilities Unit 
Office of Military Facilities 

Enclosure 

cc: Mr. Hector Hernandez 
Regional Water Quality Control Board 
Central Coast Region 
81 Hiquera Street, Suite 200 
San Luis Obispo, California 93401-5414 

Mr. Dan McMindes 
U.S. Army Corps of Engineers 
Sacramento District 
1325 J Street 
Sacramento, California 95814-2922 

Ms. Colleen Kassera 
Fort McCoy Directorate of Public Works 
Attention: AFRC-FM-PWE 
2160 South J Street 
Fort McCoy, Wisconsin 54656-5162 

Mr. Michael Jacobvitz 
Harding Lawson Associates 
105 Digital Drive 
P.O. Box 6107 
Novato, California 94948 



To: 

From: 

Date: 

Subjed: 

John H.rrir 
m t  of Toxic Substanca Control, Region 1 
10151 Croydon Way, Suite 3 
Slrramnto, California 95827-2737 

Roga W. Brim Executive Officer 
R e g i d  WIOl Qurlity Control Bad, Cabal Coast Rcgioo. 

March 21, 1997 

DoD - FORT HUNTER ffGGETI;. UPDATED B A S E W E  
RECOMMENDATIONS, FORT EViWER LIGGEm, FORT RUNIZR 
UGGETI; CALIFORNU, February 18,1997 

We have reviewed the subject recommendations document prepared by H a d i g  k-a 
4ssociates and w i v e d  February 21, 1997. As discussed .nd aged at lk Drcnnber 4, 1996 
monthly Remedial Project Manager's mating bemeen the U.S. Army Corps of Engiaens (& 
Erwin), Fort Hunter Liggta (Chamjit Bhullar), Hatding Lawson Associates (Edward J. T i e m  
and Michael A. Jacobvitz) and Hector Hernandez of my sraff, the subject doccment summariw 
the status and recommendations for the facility's k w i d e  monitoring progmm. Specilic 
recommendations are provided for each of the eigbt sitcs addrrsscd (Existing Bum P i i  
Abandoned Bum Pit, Site XI, Building 290, Old PX Facility, Building EXP 52/57, Building 219. 
and Miller Raacb). 

For the most part, we concur with the proposed recommendations. At present, it appears minimal 
site characterization work is required at most of tbc eight sites akhscd. Considering existing 
information, most sites may not present a significam tbrrrt to water qualiity. However, sevnal 
sites lack sufficient soil and ground water data to determint wh*bct additional site 
characterization or remedial actions are necessary. Thus, to ensure water quality protection, 
additional site c h a w % x k t h  work @rimsrily ooafirmation sampiing) is requid at svad 
sites. Once sufficient site specific information is h l a b k ,  several sits may srtist)rbw risk" 
critaia purnrant to Rsgion 3's Ykanup of Lerlcing U d e r g m d  Smmgc Tmkw inerim 
guidance memorandum. If low risk aitaia is satisfied natural at !awth  may k o 
a remedial attnnative d a u m  fudm water quJitv rcfrted raioaS. may be approved by the 
RcgionalBoard. 

Asyouknow.ourprimarygoalandrrsp~~sibilitykwatcrqualily~ Asruchourrrvicw 
and -en& are limited to water quality dated issues. -water quality dated irrues (e.g., 
health and safety) will be addressed by the q q r k t c  rrguhtMy agencies ( D m  and the 
Montmy County Environmental He& Depiufmat). FoUowing arc specific comments 
pcrtakking to each individual sib. Our amunents m bascd in pm, on our of the 
site stains and recoaunQdatioas, as diiusscd &tiq December 4.19% RPM mating. 

T~~bniiMcmmDdrrmSC-4. R c s u h ~ o f t h e s e s o s d ~ y ~ ~ s t u d y & ~ ~ ~  
signifisaat 

. . 
~ t & t m i g i l t r s q p i n : ~ t b c ~ w r t a m c o r t o n n g  

. . 
poBPe 

Based on tbe information pmsatd .ad arrr d i i o o s  during &e Decunbu 4,1996 RPM 
meet& we csmcur with your rcunnrnmdation to ead the mcmitoring program. No furtha wata 
quality rciated tasks arc necessary at the EBP site. 



This section indicrter a11 known potcntirl rmrrrraiortion rarcsr 
h r v e h d o q l n a t y c b v r t a r i z c d m d d 1 ~ - . a d m ~ m U w c r r m w c &  
during tbc Pilot Trcabbility Study. Buaf ca tbe informstion provided md our d i m m i a u  
during Q Deambn 4. 1996 RPM rneaing we uww witb the rscommduioo to end tbe 
monitoring program. NO hrrthcr water quality related tasks ue noceuvy at tbe ABP site. 

Site 8J(SSn: section mrmmeads to end the monitoring prognun at W. B.xd on the 
\ December 4, 1996 RPM meetkg discusskm, our undentlnding of the S i  $J natru and 

r~f~mmeadations ue as fDllowr: 

Site 8J remains an active site. 

It was agreed that soil confmation sampling would be conducted to determine the extent &d 
d e p  of TPH contamination. 

5 Based on the soil confirmation sampling results, a HydroPunch investigation will be 
considered to evaluate ground water impacts. If significant TPH impacts arc detenniwQ 
HydroPunch sampling will be performed directly downgndient 6um the TPH impacted area 
Depending ca the extent and degne of ground water contaminrtioa, ground water 
monitoring wells may be l o a t 4  at appropriate locations. However, if soil sampling results 
indicate insignificant TPH contamination, then W o  Fuder  Actionn will be considered. 

The Army should provide appropriate justification for not performing soil coafirmrtion samplig 
as agreed during the December 4, 1996 RPM meeting. 

. . This sation states, "Our rewmmendatiw ... is to install four HydroPunch 
boring to further characterize ground water conditions: three downgradient of the former warte 
oil sump and one downgradient of the hazardous materials storage cage. T k  moaiUwing ptograrn 

will be continued pending the rrarlb of the HydroPunch investigation." We fully wncur with 
this recommendation. 

. . This lhissection indicates the monitoring prognun at OPX will continue for 
one year. The section also indicates the historic gound water flow dinctioa and confirmation 
that existing monitoring wells and HydroPumh samples am downgradient from known source 
areas. 'Ihe monitormg p m p m  will continue for one ycrr to monitor the rats of m b d  
attenuation. Bccaux the knunc: k e k  arc h, oatural ilttenuntion is apccid to hutha rrduce 
bmzcne kvels. We fully eoofur wim this m m a d a t i o n .  

52Bl EEXE1; Tbis seaion ltcommeads to d u c t  a HydroRmch investigation 
downgdient of Wells EXP-EW-001 and -002 to armplete site characterizarioa. Tbe results o f  
the HydroPumh will be to asses if continued monit4ring is mcessary. The proposed 
HydroPunch boring kxaioas arc bewd on a oouthsouthwcst gmmd vmkr fkw direction. Thaf 
ground water flow dirrctiao was dekmined on August 8, 1995 and places ttr slant boring grab 
ground water sampk locatha downgradicnt of the famcr excavation's east oarrr. 



Thh d o n  ind ium that one d d i t i o d  quutsr of monitoring b to be perfwmed J eq- of 1997 Tli~ monitoring  even^ is aeabd to w m p b  one (YI1 year of 
continwus monimring. We uMknMd thnt oofe su f fk i i t  wund wucr dm (one full year) is 
avlihble, the monitoring W wilt be evduaod. We fully concur with Qe rrcommcndatioa. 

This section recommends one more qurtm of monitoring. The  
/ evaluated at the completion of tbe next monitoring event. We %I$ 

coocur with the recommendation. Also, we understand underground storage tanks have 
a ken pxnovcd. To issue a ctosum letter, dl poteatid contamindon so& must be 
appmptiyely removed. 

Plurx note this memorandum is being tnvlsmined to sevual interested parties. Until the 
Depanment of Toxic Substances Control, as the lead State agency, submits formal comments, 
this memorandum may not be considered final. 

If you have any qucstioos, pkase contact orEric Goblet at 
(805) 549-3467. 

c : Heinz Hormann 
HQ US Amy, FHL 
A T I N  AFRC-FM4-EH (H. Hormam) 
Fort Hunter Liggett 
Jolon, CA 93928 

Charnjit Bhullar 
US Army HQ 
ATM: AFRC-FMH-ENV 
Building 196 
Fort Hunter Liggen 
Jolon, CA 93928 

Dan McMindes 
USACE, Sacramento District 
1325 J S e t  
Sacramento, CA 958142922 

John Rnmirez 
County of Montercy 
Department of Health 
1 180 Broadway 
King City, CA 93930 

Michael Jacob%itzlDonald R. Smallbeck 
Harding Lawsan Associata 
P.O. Box 61 071105 Digital Drive 
Nova, CA 94948 

Colleen Kassera 
EnvironmentalMabml Resources Division 
A m :  Colleen Kassaa 
Building 21 70 South 81b Street 
Fort McCoy, Wisconsin 54656 



.rtral Coast 
Regional Water 
Quality Control 
Board 

81 Higuera Sbsef 
Suite 200 
San Luis O b i i ,  CA 
93401-5427 
(805) 549-3 147 
FAX (809 54363 

To: John Harris 
Department of Toxic Substances Control, Region 1 
101 5 1 Croydon Way, Suite 3 
Sacramento. California 95827-2737 

From: @RO P@- er W. Briggs, Executive Oficer 
~egional Water Quality Control Board, Central Coast Region 

Date: April 24, 1997 

Subject: DoD - FORT HUNTER LIGGETT; TECHNICAL MEMORANDUM PTS- 
10, PILOT TREATABILITY STUDIES, FORT HUNTER LIGGETT, 
CALIFORNIA, April 1997 

We have reviewed the subject technical memorandum prepared by Harding Lawson Associates 
and received April 16, 1997. The technical memorandum describes the methods used and the 
results of pilot treatability studies for soil and ground water at five sites; Existing Fire Drill Bum 
Pit, Abandoned Fire Drill Bum Pit, Building 290 Area, Building EXP 52/57, and Building 122, 
the Former or Old PX Facility. 

The pilot treatability studies were initiated in 1994 and completed in January 1996. The pilot 
treatability studies' scope included evaluating the technical and site-specific feasibility o f  
implementing potential remedial options at the above listed sites. Site characterization activities 
were conducted before, during and after the pilot studies. The objectives of the pilot treatability 
studies were: (1) to evaluate the treatability of excavated soil containing organic compounds 
such as total petroleum hydrocarbons by ex-situ bioremediation, low temperature thermal 
desorption, and asphalt stabilization, and (2) to evaluate the treatability of in-situ soil containing 
organic compounds by soil vapor extraction. 

In general, the study results indicate the thermal desorption, asphalt stabilization, and soil vapor 
extraction treatment technologies are very effective at significantly reducing petroleurn 
hydrocarbon concentrations to acceptable levels and are readily implementable. While the 
bioremediation technology is readily available, it is not effective for heavy hydrocarbons at low -- 
concentratiors lind implementation is hinderedby lack ~futilities. 

We understand study results and summaries will be included as an appendix to the forthcoming 
Feasibility Study document. The Feasibility Study will (1) evaluate the data gathered and 
experience gained during the pilot studies and further site characterization activities, and (2) 
address the need for corrective measures where contamination may still exist after completing 
the pilot studies. 

We appreciate pilot study implementation and completion. We concur with the memorandum's 
conclusions and recommendations for future application of the technologies evaluated. We offer 
no further comments concerning this technical memorandum. 

Pete Wilson 
Governor 

If you have any questions, please contact -z at'(805) 542-4641 or Eric Gobler 
at (805) 549-3467. 



John Harris April 24, 1997 

c: Heinz Hormann 
HQ US Army, FHL 
A m :  AFRC-FM4-EH (H. Hormann) 
Fort Hunter Liggett 
Jolon, CA 93928 

Chamjit Bhullar 
US Army HQ 
ATIN: AFRC-FMH-ENV 
Building 196 
Fort Hunter Liggett 
Jolon, CA 93928 

Dan McMindes 
USACE, Sacramento District 
1325 J Street 
Sacramento, CA 958 14-2922 

Michael Jacobvitz/Donald R. Smallbeck 
Harding Lawson Associates 
P.O. Box 61071105 Digital Drive 
Novato, CA 94948 

Colleen Kassera 
EnvironmentaVNatural Resources Division 
A m  Colleen Kassera 
Building 2170 South 8th Street 
Fort McCoy, Wisconsin 54656 



Central Coast 
Regional Water 
Quality Control 
Board 

8 I H i g u c n S ~  
Suits 200 
Sm Luir O b i .  CA 
93401-5427 
(805) 549-3 147 
FAX (805) 5434397 

September 18, 1997 

Mr. Heinz Hormann 
HQ US Army. Fort Hunter Liggen 
ATTN: AFRC-FM4-EH (H. Hormann) 
Fort Hunter Liggen 
Jolon, CA 93928 

Dear Mr. Hormann: 

DoD - FORT HUNTER LIGGETT; FINAL RCRA CLOSURE 
CERTIFICATION REPORT, BUILDING 290 AND TEC SITE 85, FORT 
HUNTER LIGGETT, CALIFORNIA, AUGUST 1997 

We have reviewed the subject closure certification report prepared by Harding 
Lawson Associates and received September 8, 1997. The subject report 
documents closure of four hazardous waste management units: (1) Building 
290 Acid N e u t d i t i o n  Pit; (2) Building 290 Container Storage Area; (3) 
Testing and Experimentation Command (TEC) Site 8J Container Storage Area; 
and (4) TEC Site 81 Underground Storage Tank (UST). The report summarizes 
results from site investigation activities performed at all four sites. Based on 
soil and ground water sampling results, the report indicates clean-closure 
activities have been completed at ail four sites. Thus, no fkther action is 
anticipated. 

As you know, our primary responsibility is water quality protection. As such, 
our review focused solely on water quality related issues. Based on our review 
of the information presented, the four sites listed do not present a significant 
threat to water quality. Thus, no further water quality related tasks are 
necessary at this time. 

If you have any questions regarding this letter, please contact Hector 
-2418051542-4641 or Eric Gobler at (805) 549-3467. 

Sincerely, 

W Roker W. Briggs 
Executive Officer 



c: John Adams Jr. 
SWRCB, C%'P 
P.O. Box 94421 
Sacramento. CA 94244-2 120 

John Harris 
DTSC, Region 1 
1015 1 Croydon Way, Suite 3 
Sacramento, CA 95827-2106 

John Erwin 
USACE, Sacramento District 
1325 1 Street 
Sacramento, CA 95814-2922 

Michael Jacobvitz 
Harding Lawson Associates 
P.O. Box 61071105 Digital Drive 
Novato, CA 94948 

James Stettler 
DTSC, Region 2 
700 Heinz Road, Suite 200 
Berkeley, CA 94710-2737 

Colleen Kassera 
Env.Matura1 Resources Division 
ATT: Colleen Kassera 
Building 2 170 South 8th St. 
Fort McCoy, Wisconsin 54656 

Charnjit Bhullar 
US Army HQ 
A n :  AFRC-FMH-ENV 
Building 196 
Fort Hunter Liggett 
Jolon, CA 93928 



Central Coast 
Regional Watcr 
Quality Control 
Board 

81 Higum W t  
Suite ZOO 
San his Obi-. CA 
93401-5427 
(805) 549-3 147 
FAX (805) 543-0397 

November 26, 1997 

Mr. Heinz Hormann 
HQ US Army, Fort Hunter Liggett 
ATTN: AFRC-FM4-EH (H. Hornam) 
Fort Hunter Liggett 
Jolon, CA 93928 

Dear Mr. Hormann: 

DoD - FORT HUNTER LIGGETT; REQUEST FOR NO FURTHER ACTION 
FOR SITES AT FORT EWNTER LIGGElT, CALIFORNIA 

We have reviewed the subject request prepared by Hardiig Lawson Associates and 
received November 18, 1997. The request includes the following document: 

"Recommendations for No Further Action, Building EXP 52/57, Fort Hunter Liggett, 
California", dated November 6,  1997. 

The document summarizes historical site characterization and ground water monitoring 
data and presents a no further action recommendation for Building EXP 52/57. The no 
further action request is based on the following criteria: 

Known potential source areas (three former underground storage tank locations) have 
been adequately characterized. 

Soil containing chemicals above action levels has been removed. 

The direction of ground water flow has been adequately characterized. 

The last four quarters of data from wells downgradient of potential source areas 
indicates that chemical concentrations do not exceed maximum contaminant levels and 
USEPA Region IX Preliminary Remediation Goals. 

Ground water samples collected from a slant boring and two HydroPunch borings 
located immediately downgradient of the former storage tanks show chemical 
concentrations less than primary maximum contaminant levels and USEPA Region IX 
Preliminary Remediation Goals. 

Based on careful review of the information presented including historical ground water 
monitoring results from permanent wells and confirmation ground water samples (i.e-, 
HydroPunch and slant boring samples), and the monitoring system's effectiveness, we  
concur with the above listed criteria. We believe the Building EXP 52/57 site no longer 

Our mflston 15 roprewrve ond enhonce tho quahry ofCol,/ormo'~ w o w  r e~nuces  and 
enmre thew proper olloconon and @c,inent wefor the bcncfir ofprewnr ondfirurc generanom 



Mr. Heinz Horman 2 November 26, 1997 

concur with the above listed criteria. We believe the Building EXP 52/57 site no longer 
presents a significant threat to water quality. Thus. from a water quality prospective, we 
agree with your recommendation for no further action. Also, your recommendation to 
discontinue ground water monitoring is acceptable. 

As you know, the Regional Board's p r i m q  responsibility and objective is water quality 
protection; that is resource protection considering ground or surface water to be the 
receptor. Based on existing laws, regulations, plans, and policies pertaining to ground 
water cleanups, no further action determinations will be considered when monitoring 
indicates cleanup levels have been attained, or monitoring indicates attainment is 
imminent. As such, our review and no further action approval is limited to water quality 
responsibilities. Non-water quality related issues (e.g., health and safety) will be 
addressed by the appropriate regulatory agencies (Department of Toxic Substance 
Control and the Monterey County Environmental Health Department). 

You are reminded that although we concur with your no further action recommendation 
are approved, the Army remains responsible for achieving full compliance with all 
necessary Comprehensive Environmental Response, Compensation, and Liability Act. 
(CERCLA) related requirements for this site. The CERCLA process mandates 
completion of a formal Proposed Plan, and Decision DocumentRecord of Decision. 

If you have any questions regarding this letter, contact Hector Hernandez at  (805) 542- 
4641 or Eric Gobler at (805) 549-3467. - 

Sincerely, 

c: Chamjit Bhullar 
US Amy HQ 
A m :  AFRC-FMH-ENV 
Building 196 
Fort Hunter Liggett 
Jolon, CA 93928 

John Harris 
DTSC, Region 1 
10151 Croydon Way, Suite 3 
Sacramento. CA 95827-2737 

Dan McMmdes 
USACE, Sacramento District 
1325 J Street 
Sacramento, CA 95814-2922 

John Erwin 
USACE, Sacramento Dismct 
1325 J Street 
Sacramento, CA 95814-2922 



Mr. Heinz Horman 

Don Smallbeck 
Harding Lawson Associates 
90 Digital Drive 
Novato, CA 94949-5704 

Colleen Kassera 
Environmental/NaturaI Resources 
Division 
ATIT: Colleen Kassera 
Building 2 170 South 8th Street 
Fort McCoy, Wisconsin 54656. 

John Adam Jr. 
SWRCB, CWP 
P.O. Box 94421 
Sacramento, CA 94244-2120 

November 26, i 997 

Our mmron u #opre*rw andenhance rk quobr) o/Cal~/omlo'r voter r e s o u m ~ .  and 
e m r e  rher proper aNocarton ond efioenr rrc/or rk bmeJi1 gfprerenr ond/urure gemronont 
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. 
934014427 
(805) 549-3147 
FAX (SO3 543-0397 

December 12, 1997 

Mr. Heinz Hormann 
HQ US Army, FHL 
A m :  AFRC-FM4-EH (H. Homzann) 
Fort Hunter Liggett 
Jolon, CA 93928 

Dear Mr. Hormann: 

DoD - FORT HUNTER LIGGEIT; QUARTERLY m R T ,  TEIRD QUARTER 
1997, BASEWIDE WATER QUALITY MONITORPiG PROGRAM (BWQPrLP) 
FORT HUNTER LIGGETT, CALIFORNIA 

We have reviewed the subject report prepared by H d i u g  Lawson Associates and 
received December 1, 1997. The report presents resirr: of the third quarter 1997 
Basewide Water Quatity Monitoring F'rogram and cles fks  and summarizes the water 
quality monitoring program for several sites. The repc k b k s  a formal response to 
Regional Board Comments on the FiSecond 1W- Basewide Water Quality 
Monitoring Program report. Further, the report inclw5z.s r Smember 17, 1997 document 
titled, 'Xewmmendations, Basewide Water Quality hf.elFiaring Program, Fort Hunter 
Liggett, California". 

We have no significant comments concerning your crrsneEarn responses to Regional 
Board Comments on the First/Second Quarter 1997, mnmxihg leport AU responses are 
acceptable. 

Our review of the subject report centered on the N o v e n k  17, 1997 Recommendations 
document. The document summarizes the present statar ir-d mmmendations for ten 
sites (Existing Fire Drill Burn Pif Abandoned Fire DSI i h n  Pit, TEC Site 8J, Building 
290, Building S-283, Building EXP 52/57, Building 3,, Milk Ranch, Former PX 
Facility (Old PX), and adding 194). The documeds ~~y and the specific 
recommendations for each site are based on two q e  afmdoring in 1997 and the 
criteria stated in Regional Board's March 31. B97 "Wpdated Basewide 
Recommendationsn letter. The document recommardF all sites, except the 
Building 194 Site from the basewide monitoring Following are specific 
comments pertaining to each individual site. Our a- as based, m part, on our 
understanding of the site status and recommendations, rs - t during an October 3 1, 
1997 RPM meeting and subsequent supporting data pseadt 



Existine Fire Drill Bum Pit: 
As stated in the March 31, 1997 "Updated Recommendations Letter", we concur with 
your recommendation to end the monitoring program. No hrther water quality related 
tasks are necessary. 

Abandoned Fire Drill Burn Pit: 
As stated in the March31, 1997 "Updated Basewide Recommendations, Fort Hunter 
Liggett, Fort Hunter Liggett, ~alifornih" correspondence, we concur with your 
recommendation to end the monitoring program. No further water quality related tasks 
are necessary. 

TEC Site 85 (Container Storaee Area and Undemround Storage Tank): 
As stated in Regional Board's September 18, 1997, "Final RCRA Closure Certification 
Report, Building 290 and TEC Site 8J, Fort Hunter Liggett, California (Closure Report)" 
correspondence, Site 8J does not present a significant threat to water quality. Thus, we 
concur with your recommendation to end the monitoring program. No firther water 
quality related tasks are necessary. 

Building 290 (Acid Neutralization Pit and Container Storage Area): 
According to the March 31, 1997 "Updated Basewide Recommendations, Fort Hunter 
Liggett, Fort Hunter Liggett, California" correspondence, additional HydroPunch 
sampling was to be conducted. The monitoring program was to be continued pending 
additional HydroPunch sampling results. Thus, four HydroPunch boring5 were installed t o  
hrther characterize ground water conditions: three downgradient of the former waste oil 
sump and one downgradient of the container storage cage. Ground water samples 
d e c t e d  show chemical concentrations less than primary Maximum Con taminant Levels 
and USEPA Region IX Preliminary Remediation Goals. Based on the additional 
characterization activities, the Regional Board issued a November 26, 1997 ''Request For 
No Further Action For Sites At Fort Hunter Liggett, California" correspondence, stating 
that the Building 290 Area no longer presents a significant threat to water quality. 

Similarly, the Regional Board issued a September 18, 1997, "Final RCRA Closure 
Certification Report, Building 290 and TEC Site 81, Fort Hunter Liggetf California 
(Closure Report)" correspondence, stating that Building 290 does not present a significant 
threat to water quality. 

As requested, downgradient wells (290-MW-005 and 290-MW-006) may be dropped 
fiom the monitoring program. No firther water quality related tasks are necessary. 

Building S-283: 
Wells 290-MW-001 through -004 are upgradient and crossgradient of Building 290 site's 
former waste oil sump and former storage area, and downgradient of Building S-283. 
Apparently, there was a hazardous waste accumulation area located east of Building S- 
283 where paints were stored in drums %om 1981 to 1989. 



Results from a preliminary site assessment showed nondetect for aii volatile organic 
compounds. Ground water monitoring has been conducted since Second Quarter 1996. 
Ground water results indicate that during Third Quarter 1997, TPH - diesel was detected 
in Well 290-MW-001 (1 10 ppb), Well 290-MW-004 (110 ppb), and Well 290-MW-002 
(55 ppb). There are no drinking water supply wells in the site vicinity, the TPH detections 
are low and intermittent, and Maximum Contaminant Levels have never been exceeded in 
any of the wells. 

The document proposes that Wells 290-MW-001 through -004 be monitored for the 
Fourth Quarter 1997 to hrther evaluate the presence of TPH. AAer the Fourth Quarter 
1997, it is proposed that if TPH concentrations do not exceed those detected during Third 
Quarter 1997, monitoring in these wells be discontinued. 

Based on the information provided, we concur with your proposal. A final determination 
to discontinue the monitoring program for this site will be made once the Fourth Quarter 
1997 ground water data becomes avaiiable. 

Buildine EXP 52/57: . 
In accordance with the Regional Board's March 31, 1997 "Updated Basewide - 
Recommendations, Fort Hunter Liggett, Fort Hunter Liggett, ~alifomia%rres~ondence, 
a HydroF'unch investigation was conducted downgradient of Wells EXP-EW-001 and 
-002 to complete site characterization. Based on the Hydropunch sampling results, and as 
stated in the Regional Board's November 26, 1997 "Request For No Further Action For 
Sites At Fort Hunter Liggett, California" correspondence, Building EXP 52/57 site no 
longer presents a sigdicant threat to water quality. Thus, we concur with your 
recommendation to end the monitoring program. No further water quality related tasks 
are necessary. 

Building 219: 
In accordance with the Regional Board's March 31, 1997 Updated ~ase&de 
Recommendations, Fort Hunter Liggett, Fort Hunter Liggetq California" correspondence, 
at least one full year of continuous monitoring has been conducted. Based on the ground 
water monitoring results presented, this site no longer presents a significant threat t o  
water quality. Thus, we concur with your recommendation to end the monitoring 
program. No further water quality related tasks are necessary. 

Miller Ranch: 
In accordance with the Re~onal  Board's March 31. 1997 "Uudated Basewide 
Rimmendations, Fort ~unte~Liggett,  Fort Hunter ~ i g g &  ~alifomia;' correspondence, 
at least one full year of continuous monitoring has been conducted. Further, all potential 
contamination sources have been appropriately removed (ie., underground storage tanks). 
Based on the ground water monitoring results presented, this site no longer presents a 
significant threat to water quality. Thus, we concur with your recommendation to end the 
monitoring program. No further water quality related tasks are necessary. 



Former PX Facilitv (Old PXk 
In accordance with the Regional M s  March 31, 1997 "Updated &seari&e 
Recommendations, Fort ~ u n t e i ~ i ~  Fcn EHmrter Liggett, California" correspazdenq 
collection and evaluation of ground chn continues The monitoring p3girsu 
continues to detect benzene c o n m t n x m  nar its Maximum Contaminant L.m= b-e 
understand a technical memorandum f e s = =  FHL's evaluation of the gro~st  rvarer 
quality with respect to the Regional -"i -errrOurce for low risWno action g r a m  v ~ s  
sites is in preparation. Based on re- -=ud aater  data presented, the Old PX sze 
satisfy "low risk" criteria pursuant tc 3's "Cleanup of Leaking U n k z c u d  
Storage Tank" interim guidance If low risk criteria is satisfied -d 
attenuation may be acceptable as a r z x E d  zitremative and "no hrther wacr  +@iq 
related actions" may be approved A fc- determination will be made once the wheal 
memorandum is received. 

Building 194 Site: 
Currently, eleven ground water mm&xing wells monitor this site. W 
concentrations detected during the ?bird 1997 were up to 5,760 ppb. .+bm% 
source areas have been removed. n e  kunaent recommends quarterly mo- sa 
assess the rate of natural attenuation 

As addressed in Regional Board's Ju& IS. 1996 "Draft Building 194 Focused 
Study, Fort Hunter Liggett, Montemy C w - ,  Californiaa correspondence, site 
must be monitored over time to stabiity and confirm whetha x 
contaminants are being naturally degn&d n reasonable rates to ensure pmteEicn d 
human health and the environment. T b s  c s d m d  quarterly monitoring is a p p q r k e .  

As you know, our primary goal and r c q c q t y  is water quality protection -Ai ~ l c k  
our review and decision to end the ma- program for several of the above W iitts 
is limited to water quality related respor - - - Non-water quality related isPls t.p, 
health and safety) will be addressed by &e a q m p i a t e  regulatory agencies (DTSC d the 
Monterey County Environmental H e  m t ) .  

You are reminded that although we msair with your recommendation to end t k  
monitoring program for several of the about bed sites, the Army remains resparpibie BDC 
achieving 11I compliance with all w 5 q  ~mprehensive Environmental Rapons; 
Compensation, and Liability Act (CERCU) d a t e d  requirements for each 6Ec T b  
CERCLA process mandates mlnpktian of a formal Proposed Plan, and Dcnsiat 
DocumentlRecord of Decision. 
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If you have any questions, please contact Hector Hernandez at  (805) 542-4641 or Eric 
Gobler at (805) 549-3467. 

Sincerely, 

~ b r :  Roger W. ~ r i &  
Executive Officer 

c: Charnjit Bhullar 
US Army HQ 
A m  AFRC-FMH-ENV 
Building 196 
Fort Hunter Liggett 
Jolon, CA 93928 

Dan McMindes 
USACE, Sacramento District 
1325 J Street 
Sacramento, CA 95814-2922 

John Erwin 
USACE, Sacramento District 
1325 J Street 
Sacramento, CA 958 14-2922 

John Ramirez 
County of Monterey 
Department of Health 
1180 Broadway 
King City, CA 93930 

Donaid R S-w 
Michael Jawbvitz 
Hardiing Lawson Associates 
90 Digital Drive 
Novato. CA 94949-5704 

Colleen Kassera 
EnvironrnentaVNatural Resources 
Division 
ATTN: Colleen Kassera 
Building 2170 South 8th Street 
Fort McCoy, Wisconsin 54656 

John Adam Jr. 
SWRCB, CWP 
P.O. Box 94421 
Sacramento, CA 94244-2120 



December 16, 1997 

&pma,ent of 
T ~ c  subsrams 
C o d  Mr. Charnjit Bhullar 

United States Army Headquarters 
IOISI Croydon Ww Attention: AFRC-FMH-ENV 

Sui* 3 Building 191 
SocmmenaCA Fort Hunter Liggett, California 93928-5000 
9S327-2106 . 

Pee RfL 
Gcnen 

REC@M2NDATION FOR NO FURTHER ACTION, 
BUILDING EXP 52/57 - FORT HUNTER LIGGETT 
Dear Mr. Bhullar: 

The Department of Toxic Substances Control (DTSC) 
has reviewed the above referenced document dated 
November 6, 1997 and received by DTSC on November 18, 1997, 
Comments by the Central Coast Regional Water Quality Control 
Board (RWQCB) on this report have been sent to you earlier 
under separate cover. 

Although DTSC can agree with the recommendation of 
No Further Action (NFA) status for this site, this is based 
primarily upon previously submitted reports and not 
necessarily on information contained in this document. DTSC 
is concerned that information needed to meet specific NFA 
criteria regarding contaminated soils is not included in 
this report. As outlined in the transmittal letter for this . 
NFA request, the first two NFA criteria to be met are: 

Known potential source areas have been adequately 
characterized, and 

. Soil containing chemicals above action levels has been 
removed. 

The information contained in this report does a very 
good job of describing the results of groundwater 
monitoring. However, other than a brief description of two 
sample results in the narrative paragraph entitled 
"Potential Source Areas", this report contains no other 
information to show that the requirements of the soils 
criteria have been met. While several previously reviewed 
reports have been referenced, almost no pertinent 
information concerning contaminated soil has been provided. 
A diagram showing the location and analytical results of 



Mr. Charnjit Bhullar 
December 16, 1997 
Page 2 

soil samples collected from the contaminated material has 
not been provided. Similar information for confirmation 
samples taken from the excavation has not been provided. 

Revision of this document is not necessary. However, 
in order to comply with the requirements of the 
Comprehensive Environmental Response, Compensation, and 
Liability Act, a Remedial Investigation/Feasibility Study . (RI/FS) must be produced prior to developing. a Record of 
Decision/Remedial Action Plan ( R O D / W )  for this site. 
Almost all of the information required for the preparation 
of the RI/FS report is contained in the documents referenced 
in this request. DTSC recommends that additional 
discussions regarding the content of RI/FS and ROD/RAP 
documents be held in the near future. 

If you have any questions regarding this matter, please 
contact me at (916) 255-3683. 

John Harris 
Hazardous Substances Scientist 
Federal Facilities Unit 

cc: Mr. Hector Hernandez 
Regional Water Quality Control Board 
Central Coast Region 
81 Higuera Street, Suite 200 
San Luis Obispo, California 93401-5414 

Mr. Dan McMindes 
United States Army Corps of Engineers 
Sacramento District 
1325 J Street 
Sacramento, California 95814-2922 

Ms. Colleen Kassera 
Directorate of Public Works 
ATTN: Am-FM-PWE-N (Kasera) 
2171 South 8th Avenue 
Fort McCoy, Wisconsin 54656-5136 



Mr. Charnjit Bhullar 
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cc: Mr. Donald Smallbeck 
Harding Lawson Associates 
90 Digital Drive 
Novato, California 94949 

Mr. Michael Jacobvitz 
Harding Lawson Associates 
90 Digital Drive 
Novato, California 9494'9 



December 17, 1997 

Lkpomccn~ of 
TarlcsUbJl~n~c~ 
C o d  Mr. Charnjit Bhullar 

United States Army Headquarters 
I0151 Crcgdon ww Attention: AERC-M-ENV 

~ ~ - - -  ~ 

Smik 3 Building 191 
Satmmenlo. CA Fort Hunter Liggett, California 93928-5000 
95827-2106 

RECOMMENDATION FOR NO FURTHER ACTION, 
BUILDING 290 AREA - FORT HUNTER LIGGETT 
Dear Mr. Bhullar: 

The Department of Toxic Substances Control (DTSC) 
has reviewed the above referenced document dated 
November 6, 1997 and received by DTSC on November 18, 1997 - 
Comments by the Central Coast Regional Water Quality 
Control Board (RWQCB) on this report.have been sent to you 
earlier under separate cover. 

The full documentation of closure activities at this 
site are contained in the document entitled, "Final RCRA 
Closure Certification Report, Building 290 and TEC Site 8J. 
Fort Hunter Liggett California" (Closure Report). This 
document is currently being reviewed by the Northern 
California Operations, Facility Permitting Branch of DTSC. 
Upon their approval of the closure Report, all requirements 
for the closure of the Building 290 site will have been 
met. Approval by the Office of Military Facilities will 
not be required. 

' . If you have any questions regarding this letter, 
please contact me at (916) 255-3683. 

Sincerely, 

John Harris 
Hazardous Substances Scientist 
Federal Facilities Unit 

cc: See next page. 



Mr. Charnjit Bhullar 
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Mr. Hector Hernandez 
Regional Water Quality Control Board 
Central Coast Region 
81 Higuera Street, Suite 200 
San Luis Obispo, California 93401-5414 

Mr. Dan McMindes 
United States Army Corps of Engineers 
Sacramento District 
1325 J Street 
Sacramento, California 95814-2922 

Ms. Colleen Kassera 
Directorate of Public Works 
ATTN: APRC-a-PWE-N (Kasera) 
2171 South 8th Avenue 
Fort McCoy, Wisconsin 54656-5136 

Mr. Donald Smallbeck 
Harding Lawson Associates 
90 Digital Drive 
Novato, California 94949 

Mr. Michael Jacobvitz 
Harding Lawson Associates 
90 Digital Drive 
Novato, California 94949 



March 4, 1998 

Central Coast 
Regional Water 
Quality Control 
Board 

PI HigUmSvca 
suiiezw 
S U l L u i r ~ C A  
93401-5427 
(805) -3147 
PAX (805) s43-0397 

Mr. Heinz Hormana 
HQ US Amy, Fort Hunter Liggett 
A?TN: AFRC-FM4-EH (H. HOIIMM) 
Fort Hunter LiggeR 
Jolon, CA 93928 

Dear Mr. Hormann: 

DoD - FORT HUNTER LIGGETT; RECOMMENDATION FOR NO FURTHER 
WATER QUALITY RELATED ACTION, FORMER PX FACILITY, FORT HUNTER 
LIGGETT CALIFORNIA 

We have reviewed the subject document prepared by Harding Lawson Associates 
(HLA), received Febmary 9, 1998. HLA evaluated site specific conditions, including 
ground water data with respect to low-risk criteria pursuant to the Regional Board's 
"Cleanup of Leaking Underground Storage Ta&" interim guidance memorandum. 
Based on the evaluation, HLA has determined that Region 3's low-risk criteria have 
been met, as foUows: 

There are M drinkiag water wells in the site vicinity. Ground water at OPX is not 
currently, nor is likeIy to be used for drinkiag water. Historically, benzene 
concentrations have been detected at, near, or below the MCL (1.0 u&). During 
the fourth quarter 1997 sampling period, benzene concentrations were detected at 
1.2 ugk ,  0.92 u& and 0.91 ug/L from monitoring wells OPX-MW-001, -002 and 
-003, respectively. Benzene concentrations at the MCL represent a risk of 1W5. 
This level falls within the USEPA range of acceptable risk of lo4 to lo4. Natural 
attenuation is expeaed to continue to reduce benzene meeatrations to below the 
MCL (1.0 u&). 

Non-aqueaus-phase petroleum hydrocarbons have never been detected duting the 
monitoring program. 

The plume is considered stable and weU defined. Historically, the direction of 
ground water flow has been south to southeast. The BTEX concentrations in ground 
water in the two downgradient wens, OPX-MW-002 and -003, are below the MCLs. 
As such, delineation beyond those wells is unnecessary. Further, soil remediation 
ha. been completed and was approved by the Department of Toxic Substances 
Control. Considering the low chemical concentrations in grwnd water, and that the 
source has been removed, it is unlikely that the plume has or will m o b i i  much 
beyond the existing down@ent wells. 
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Considering the very low concentrations of BTEX in ground water, and the 
completed and approved soil remediation, passive bioremediation would be the 
preferred and recommended remediation alternative. 

Based on the above information, HLA does not believe ground water remediation should 
be required. Tbus, HLA recommends that OPX be considered for case closure and that 
no further water quality related action, such as ground water monitoring, be performed. 

As you h o w  case closure may not be considered until water quality objectives are 
attained, or monitoring indicates attainment is imminent. Based on the information 
presented, we concur with HLA's determination that the OPX site meets "low risk" 
criteria pursuant to Region 3's "Cleanup of Leaking Underground Storage Tank," 
interim guidance memomdum. Eight quarters of ground water monitorin'g data 
collected indicate the natural attenuation process is effective; benzene concentrations in 
ground water are low and decreasing. It is evident that artainment of water quality 
objectives is imminent Thus, we agree case closure is appropriate and justified. No 
further water quality related action including ground water monitoring is required. We 
have no further comments at this time. 

If you have any questions, please contact Hector Hernandez at (805) 542-4641 or Eric 
Gobler at (805) 549-3467. 

Sincerely, 

%. Lger  W. Briggs 
Executive Officer 

c: John Hanis 
DTSC, Region 1 
1015 1 Croydon Way, Suite 3 
Sacramento, CA 95827-2 106 

Dan McMindedJohn Erwin 
USACE, Sacramento District 
1325 J Street 
Sacramento, CA 95814-2922 

Michael Jacobvitz 
Don Smallbeck 
Harding Lawson Associates 
90 Digital Drive 

Novato, CA 94948 

Colleen Kassera 
Env/Natud Resources Division 
ATE ColleenKassera 
Bldg. 2170 South 8th St. 
Fort McCoy, WI 54656 

Chamjit Bhullar 
US h y  HQ 
ATE AFRC-FMH-ENV 
Building 196 
Fort Hunter Liggett 
Jolon, CA 93928 

Our misdon is mprcseru and &nn fhc paliv #Cnlifm'ak wtw ruwrcc~, and 
man thdrpropr aheation and @ & n f  ure for the bey% ofpnrmf ai!dfvtvregenera#onY. 

< 



" MONTEREY COUNTY 
DEPARTMENT OF HEALTH ROBERT J. MELTON, M.D.. M.P.H.. D~rector 

FAMILY AND COMMUNITY HEALTH ENVIRONMENTAL HEALTH . HEALTH PROMOTION 

MENTAL HEALTH ALCOHOL AND DRUG PROGRAMS EMERGENCY MEDICAL SERVICES 

0 127ONATlVlOAD ROAD. SALIW, W M R N I A  939063198 (408) 7554540 

0 IZWAGUAIITO ROAD. MONTEREY. CAUmRNIA 93940d898 1408) 647-7650 

0 lIeO BROADWAY. KING C l ,  W F O R N l A  93930 lm8) 385-8350 

Commander Fort Hunter Liggett 
AFRC-FMH-ENV . Bldg 1% 
Mr. Heinz Horman 
Fort Hunter Liggett Ca 93928-5000 

Re: Buildings 101 , 122, Monterey Co. Permit No. 509403, April 4 ,  1991 

Dear Sir 

This letter confirms the completion of a site investigation for the underground storage tanks formerly located at 
Buildings 101 and 122 (Old PX) . Thank you for your cooperation throughout this investigation . Your dingness 
and promptness in responding to our inquiries concerning the former underground storage tanks is greatly 
appreciated. 

Based on the information in the above referenced files and with the provision that the information provided to this 
agency is accurate and representative of site conditions with regard to the tank removals, no furthar action is 
required. 
This notice is issued pursuant to a regulation contained in 2721 (e) of Title 23 of the California Code of Reglatiom . 
lfyou have any questions, please call me at 408-385-1291 

Sincerely, 

Walter Wong . M:M. , R E H S .  
Health Division 

+. -. - .. 
. . . . I 

; John Ramirez . RE.H.S. 
Hazardous Materials Specialist It 

cc: Mr. Howard Tsuchiya, Hazardous Materials Specialist IV 
Mr. Hector Hernandez, RW.Q.C.B. 
Mr. Dan McMindes , U.S.A.C.O.E. 
Ms. Colleen Kassera . Fort McCoy. Dir. P.W 
Mr. Michael Jawbvitz . H.L.A. 

1 180 Broadway Kmg City Ca. 93930, Ph ?! (83 1 )  385-1291 , Fax # (83 1 ) 385-0573 





California Regional Water Quality Control Board 
Central Coast Region 

peter M. Rooney Internet Addnu: hWJlwmunmb.~agov Pete Wilsom 
SrcreW for 81 HigueraSlrcel, Suite 200, San Luis Obispo, California 93401-5427 Governor 
%vimmnenfal Phone (805) 549-3147. FAX (805) 543-0397 

'mleclion 

September 16, 1998 

Mr. Heinz Honnann 
HQ US Army, Fort Hunter Liggett 
ATTN: AFRC-FM4-EH (H. Hormann) 
Fort Hunter Liggett 
Jolon, CA 93928 

Dear Mr. Hormann: 

DoD - FORT HUNTER LIGGETT, RECOMMENDATION FOR NO FURTHER 
ACTION (NFA), EXISTING PIRE DRILL BURN PIT, FORT HUNTER LIGGETT, 
CALrnORNIA 

We have reviewed the subject document prepared by Harding Lawson Associates, and received 
August 26, 1998. The document includes a technical memorandum and letter summarizing 
results ftom previous investigative activities at the Ejdsting Fire Drill Bum Pit (EBP). The letter 
provides a summary of data fiom historical site characterization and ground water monitoring 
programs at the EBP, and recommends the site for no further action 

The technical memorandum presents the results of two phases of exploratory excavation 
conducted at the site in 1997 and 1998. The technical memorandum also includes the following 
criteria for it's no further action recommendation: 

r Known potential source areas have been adequately characterized. 
Soil containing chemicals above action levels has be& removed. . 
The direction Of ground watm ~IOW has b c h a a c t e r i m i  
Chemical data h m  wells downgradient of potential source areas indicate that concentrations 
of chemical in ground water do not exceed California Department of Health Services 
maximum contaminant ievels (MCLs). 

As you know, our primary goal and responsibility is water quality protection. As such, our 
review and concurrence with the NFA recommendation at the EBP is limited to water quality 
related responsibilities. The Department of Toxic Substances Control and the Monterey doun& 
Environmental Health Department are responsible for addressing non-water quality related issues 
(e.g., health and safety]. 

Cal~ornia Environmental Protection Agency 
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As previously indicated in our March 31, 1997 "Updated Recommendations Letter" and the 
December 12, 1997 correspondence concerning a November 17, 1997 document titled, 
"Recommendations, Basewide Water Quality Monitoring Program, Fort Hunter Liggett, 
California", we stated that no further water quality related actions are necessary at the EBP. 
Based on our review of the subject document including all data presented, the "no fuaher action" 
request is adequately supported. 

We understand the Army remains responsible for achieving full compliance with all necessary 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) related 
requirements for each site. The CERCLA process mandates completion of a formal Proposed 
Plan, and Decision Document/Record or Decision We have no further comments at this time. 

If you have any questions regarding this letter, contact Hector Hernandez at (805) 542-4641 or 
Ge&ardt Hubner at (805) 542-4647. 

Sincerely, 

For: Roger W. ~ r i & s  
Executive ofpcer 

cc: 
John Harris 
DTSC, Region 1 
10151 Croydon Way, Suite 3 
Sacramento, CA 95827-2737 

Scott Olsen 
US Army HQ 
A m :  AFRGFMH-ENV 
Building 196 
Fort Hunter Liggett 
Jolon, CA 93928 

John 
USACE, Sacramento Distrid 
1325 J Sireet 
Saaamento, CA 95814-2922 

John Ramirez 
County of Montuey 
Department of Health 
1180 Broadway 
King C i ,  CA 93930 

Colleen Kassera 
EnvironmentaVNatural Resources Division 
A m  Colleen Kassera 
Btdg. 2170 Soutb 8* Street 
Fort McCoy, WI 54656 

Donald R SmallbaW 
Michael Jacobvifz 
Harding Lawson Associates 
90 D i  Drive 
Novato, CA 94949-5704 

California Environmental Protection Agency 

0 Recyfkd Poper 



Department of Toxic Substances Control 

-OVAL OF FINAL. RCRA CLOSURE REPORT AND CERTIFICATION FOR 'LBE 
A W  NmfiRAtMTION PlT AT BUILQING 290, CONT- STORAcE AREA 
AT BUILDING 290, CONT- STOrUGE ARE4 AT TEC SlTJ3 8J. AND TEE 
FDRMER WASIT3 OIL UNDERGROUND STORAGE TANK. US RESERVE, 
FORT HUNTER LXCCETT. JOUIN. MONTEREY COUNTY. cALM)RNU 93928 



Qonnr Report and Crrrifiarion. We now urasida dw abovwnmtioned four RWhrNs m be 
OffiCirllyEfoscd. DTSC'sac)naarlLdgmmloftkRCRA~of&efourgWMDs 
i d ~ I b o ~ ~ h o s v w a , d o e s ~ r a w w m y f i a b ~ a Y o c i r t c d w i l h ~ ~  
~ ~ w h i c b  occumdatmi,sitc. 

cc: adnzaormvvl 
EnVinmmenww 
US m y  Rutm - Fort Hunt0 Lipeat 
A m .  AFRC-FMB-ENV (Buildhg 196) 
FonRmterLillgea 
John, W f d  93928 





Department of Toxic Substances Controi 
Nonhem C p l i f ~ ~ u i a g - B & & y  
700 Heinr Btdg. F. Suite 300 

FAX T R A N S m A L  SHEET 
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NUMBER OF PAGES: 
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